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THE  HAVEL 


SCHOOL  mSSIOH 


Hm  alssicm  of  the  Naval  Postgraduate  School  is  to  provide  advanced 
professional  studies  at  the  graduate  level  for  nllitary  officers 
and  defense  officials  froa  all  services  and  other  nations.  The 
School's  focus  is  to  increase  the  coabat  effectiveness  of  the  amed 
forces  of  the  Dhited  States  by  providing  quality  education  ehlch 
svqq>orts  the  unique  needs  of  the  defense  establishnent . 
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PRBFACB 


Th«  Naval  Postgraduata  School  Rasaarch  Program  follows  from 
tha  School's  mission  "...  to  Incraasa  tha  combat  of factlvanass  of 
tha  armad  forcas  of  tha  Unltad  Statas  by  providing  quality 
oducatlon  . . .  ” .  Quality  aducatlon  raqulras  that  tha  School  fostar 
a  program  of  rasaarch  to  sustain  acadamlc  axcollanco.  Tha  NPS 
Rasaarch  Program  Is  guidad  by  tha  Rasaarch  Offlca  In  accordance 
with  tha  Rasaarch  Offlca  mission  statament: 

o  To  davalop  an  overall  research  Investment  strategy  that  ensures 
a  high  quality,  creative  learning  axparlence  for  NPS  graduate 
students 

o  To  encourage  pursuit  of  new  discoveries  and  applications  which 
enhance  tha  long  term  effectiveness  of  tha  armed  forcas 

o  To  stimulate  Interactions  between  NPS  faculty  and  a  wide  variety 
of  potential  research  sponsors 

o  To  publicize  (both  Internally  and  externally)  significant 
achievements  of  the  NPS  research  program 


The  overall  program  consists  of  two  parts,  the  Direct  Funded 
Research  Program  and  the  Reimbursable  Research  Program.  The  Direct 
Funded  Research  Program  provides  Internal  funding  for  (1)  the 
Research  Initiation  Program  for  new  faculty,  (2)  Navy  relevant, 
meritorious  research,  (3)  Interdisciplinary  research,  (4)  unique 
facilities  of  Institutional  Ixaportance,  and  (5)  postdoctoral 
programs.  The  Relaibursable  Research  Program  consists  of  those 
projects  which  have  been  funded  by  outside  agencies  on  the  basis  of 
proposals  submitted  by  NPS  faculty.  In  all  cases  we  expect  that 
research  pursued  at  NPS  should  provide  creative,  relevant  thesis 
opportxmltles  for  our  students.  The  two  programs  are  complementary 
and  ensure  that  the  overall  research  program  Is  flexible, 
responsive,  balanced  and  supportive  of  the  School's  curricula. 

In  1993,  the  faculty  executed  124  research  work-years.  Of 
this  total,  73%  were  reimbursable  and  27%  were  direct  funded.  The 
work  was  63%  Navy  and  37%  non-Navy.  The  funding  received  for 
relndaursable  research  totaled  approximately  $27M,  Including 
carryover  from  FY  92,  and  was  almost  equally  divided  between  Navy 
and  non-Navy  sponsors.  The  research  work  resulted  in  815  theses, 
200  journal  papers,  505  conference  presentations,  103  technical 
reports,  54  books  and  chapters,  and  1  patent.  In  addition,  NPS 
faculty  received  various  national  and  International  awards  In 
recognition  of  their  research  acconpllshments. 
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Rasearoh  at  NFS  la  carried  out  by  faculty  in  the  School's  11 
Academic  Departments  and  4  Acadesiic  Groups.  In  the  pages  that 
follow.  Research  Summaries  are  provided  for  projects  conducted  by 
the  faculty  during  FY  1393.  They  are  grouped  by  Department  and 
Academic  Group  with  an  overview  provided  by  the  Department  or  Group 
Chair.  A  List  of  Publications  for  each  Academic  Department  is  also 
Included.  At  the  back  of  this  book  there  is  a  Key  Technology  Index 
in  which  all  projects  are  listed.  In  this  Index,  projects  have 
been  placed  under  one  or  more  of  the  11  key  technology  areas 
Identified  by  the  Department  of  Defense  or  listed  as  "Other” . 

Questions  about  particular  projects  may  be  directed  to  the 
principal  investigator  or  to  the  Research  Office.  General 
questions  about  the  NFS  Research  Program  should  be  directed  to  the 
Research  Office  at  (408)  656-2098  (voice),  (408)  656-2038  (FAX)  or 
researchSnps. navy. mil  (internet). 

A  companion  volume,  "Cooqxilatlon  of  Abstracts  of  Theses 
Submitted  by  Candidates  for  Degrees”  contains  abstracts  of 
approximately  800  unclassified  theses  cosqpleted  by  NFS  graduate 
students,  and  is  also  published  yearly. 


May  1994  Jeffrey  B.  Knorr 

Associate  Dean 
of  Research 
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DEPARTMENT  OF  AERONAUTICS  AMD  ASTROHAUTZCS 


Th«  raaaarch  progran  in  tha  Dapartmant  of  Aaronautica  and  Astronautics  is  tha 
product  of  tha  activitias  of  tha  Dapartsiant ' s  fiva  tachnical  groups;  nasMly, 
Aarodynasiics ,  Structuras,  Propulsion,  Flight  Nachanics  and  Controls,  and  Systaa 
Dasign  (both  air  and  spacacraft) .  Within,  and  across,  thasa  tachnical 
disciplinas,  tha  rasaarch  affort  is  focusad  on  topics  of  critical  inportanca  to 
Navy  and  othar  military  waapona  systaais.  With  tha  axcaptlon  of  ona  projact 
undartalcan  by  Profassor  Howard  for  Naval  Air  Systasui  Comand,  to  conduct  a 
computar  analysis  and  produca  a  training  vldao  showing  tha  potantial  hasards  of 
formation  flying  from  aarodynamic  intarfaranca  af facts,  tha  DapartSMnt's 
rasaarch  activitias  ara  concantratad  in  tha  following  araas: 


FIB.  X31.  HIGH-ALPHA  AERODYNAMICS  A  ENHANCED  AIRf^AWT 
MANEUVERABILITY  STUDIES 

Initlatad  concurrantly  with  tha  Navy's  X31  rasaarch  aircraft  projact,  a 
collaboratlva  affort  by  Profassors  Platzar,  Chandrasakhara,  Skatarinarls  and 
Habbar  is  undarway  to  invastlgata  tha  flow  bahavior  around  currant  and  proposad 
flghtar  configurations  during  high  angla  of  attack  sumiauvors  and  to  identify 
promising  methods  for  the  generation  and  exploitation  of  dynasde  lift.  The 
affort  involves  both  exparimantal  and  advanced  coaputational  (CFD)  tasks 
conducted  at  NPS  and  at  NASA  Ames  Rasaarch  Center  through  tha  auspices  of  the 
NPS-Amas  Joint  Institute.  Low  spaad  wind  and  water  tunnel  studies  have  bean 
carried  out  at  NPS  with  an  X-31A>llka  fighter  modal  (with  and  without  oscillating 
canards) ,  double  delta  and  YF-17  aircraft  models.  Tha  latter  study  cooplimantad 
full-scale  F/A-18  tests  in  tha  Amas  80x120  ft.  wind  tunnel.  Sxpariaiants  to 
establish  compressibility  affects  of  dynamic  stall  ara  conducted  at  Amas.  Also 
at  Amas,  exploratory  experiments  have  bean  carried  out  to  develop  practical 
adaptive-geometry  techniques  for  controlling  unsteady  separated  flows.  Methods 
to  predict  tha  conqplax  flow  structures  and  resulting  unsteady  forces  and  moments 
ara  under  development  using  both  Navlar-Stokas  and  Viscous -Invlscid  Interaction 
approaches.  The  flow  physics  of  multi-element  airfoils  in  unsteady  motion  ara 
also  being  examined  for  possible  applications  in  air  vehicles.  In  a  separata 
affort  carried  out  at  NFS  by  Profassor  Howard,  a  wind  tunnel  Investigation  of 
wing- and- str aka  blowing  to  control  vortices  produced  by  advanced  maneuverable 
flghtar  configurations  at  high  angles  of  attack,  has  bean  undertaken.  This 
follows  a  previous  study  of  canard-vortax/wing  vortex  interactions  to  aiqplaln  tha 
underlying  mechanism  for  achlavlng  enhanced  lift. 


HIGH-ANGLE-OF-ATTACK  MISSILE  AERODYNAMICS 

In  support  of  the  Naval  Air  Warfare  Canter,  Weapons  Division,  Professors  Platser 
and  Skatarinarls  are  developing  Navlar-Stokas  solutions  for  turbulent  flow  over 
missile  configurations  in  steady  and  unsteady  high  angla  of  attack  flight  at 
subsonic,  transonic,  and  supersonic  Mach  numbers. 
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A  program  lad  by  Profasaor  Wood  haa  four  araaa.  Flrat,  raaaarch  is  baiag 
conduetad  in  tha  unstaady  aarodynaaiics  ralatad  to  hlghar  harmonic  control  (BBC)  . 
BBC  is  an  activa  control  ayatam  concapt  which  proadsas  raducad  halicoptar 
vibrations,  lowar  rotor  noiaa  lavals  and  iaprovad  halicoptar  parformanea.  Racant 
NFS  raaaarch  basad  on  ha  rasults  from  tha  1984  HASA/Army/McDonnall  Douglas  0B-6A 
BBC  flight  tast  program  show  that  a  raductlon  in  rotor  powar  rasults  dua  to  tha 
unstaady  waka  shad  by  tha  r  tor  with  BBC  turnad  on.  Sacond,  raaaarch  is  balng 
conduetad  on  tha  no  tall  rotor  (MOTOR)  concapt  which  usas  circulation  control 
aarodynaaiics  (coanda)  affact  to  countar  tha  torqua  from  tha  halicoptar' s  main 
rotor.  This  raaaarch  is  baing  carriad  out  using:  (1)  a  1/4  seals  ramotaly 
pilotad  halicoptar  with  a  HOTAR  tailboom;  (2)  tha  MPS  watar  tunnal;  and  (3)  tha 
MPS  wind  tunnal.  Third,  raal-tlma  flight  simulation  is  baing  carriad  out  for 
both  hallcoptars  and  UAV's  using  FLIGBTIAB,  which  is  a  unique  conputar  software 
program  developed  by  Advanced  Rotorcraft  Technology  that  pariBita  datallad 
modelling  of  aircraft  to  a  level  never  before  considered  possible  including  mmny 
higher  order  and  non-linear  affects.  Fourth,  MPS  is  supporting  MRL  in  a  spaca- 
ralatad  program  where  tha  potential  of  rotor  systems  for  retrieval  of  space 
payloads  is  being  investigated.  In  a  separata  study,  aimed  at  tha  ■stall 
flutter"  problem.  Professors  Chandrasekhara  and  Platzar  are  conducting  unique 
axparlmants  to  axamlna  tha  affects  of  compressibility  on  tha  dynamic  stall  of 
oscillating  airfoils  with  a  view  to  eventually  controlling  the  stall  of  the 
retreating  blade. 


PNMMPIED  AIR  VEHICIiE  (HAV)  TECHNOLOGY 

In  support  of  tha  DoD's  role  in  tha  development  of  UAV's,  Professor  Boward  has 
developed  a  UAV  laboratory  at  MPS  which  now  contains  various  vehicles  for  flight 
or  wind  tunnal  tests.  Tha  broad  goal  is  to  develop  technologies  and  techniques 
applicable  to  UAV's,  including  Maritime,  Close-Range,  and  Vertical  Takaoff  & 
Landing  (VTOL)  typas.  A  year  ago,  tha  design,  construction  and  tasting  of  a 
full-scale  VTOL  UAV  was  initiated.  Current  focus,  jointly  with  Professor 
Kasilnar,  is  on  flight  controls  and  stability  augmentation  for  this  unique  vehicle 
configuration.  Tha  "Archytas"  is  a  tailslttar  design  with  ducted-fan  propulsion 
that  must  transition  to  horizontal  flight.  A  multi-input,  multi-output 
controller  has  bean  designed  and  tested  and  hover  tests  are  imminent. 


IMPROVING  AIR  VEHICLE  COHTROLS  &  MILITARY  APPLICATIQiiS  OF  MOTRAL 
MKTWORRS 


Tracking  controllers  for  advanced  air  vehicles  need  to  be  robust.  Professor 
Kaaiiner  has  begun  a  study  of  the  application  of  R2  and  a  sythasls  of  Bj  and  R. 
tacbnlquas  to  the  design  of  such  controllers.  The  development  of  a  methodology 
to  properly  ImplaiBant  gain- scheduled  controllers  in  the  air  vehicle  system  is 
Identified  as  a  primary  goal.  A  second  effort  is  to  investigate  tha  application 
of  the  sensor  and  actuator  failure  detection  and  Isolation  (FDD  techniques 
developed  for  automobiles  to  air  vehicle  systems.  Also,  the  development  of  a 
differential  QPS/IMS  navigation  system  for  automatic  aircraft  landing  is  being 
initiated,  and  real-time  hardware -in -the -loop  simulation  with  3D  animation  is 
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planned.  Following  work  on  th«  X29  controllor,  Frofoaaor  Collina  haa  axtaadad 
hla  work  on  naural  natworka  to  two  important  Navy  problama.  In  tha  firat,  naural 
natworka  ara  baing  davalopad  to  idantify  tranaiant  aonar  aignala.  In  tha 
aacond,  naural  natwork  tachnology  ia  baing  appliad  to  ionoapharie  aodaling  and 
to  PMk  oparator  training. 


FAILUBg  AMD  I.TFB  PgTOTCTIQir  FOR  ADVAMCKD  COMPOSICT  AMD  AOIMO 
VKHICIiB  STRUCTORKS 

Ineraaaad  uaa  of  coiq>oaitaa  atructuraa  in  all  waapona  platforma  raquiraa  that 
thara  ba  davalopad  raliabla  pradietiva  mathoda  for  failura  and  probabla 
atructural  lifa.  Profaaaor  Wu  haa  undartakan  thia  fundaaMntal  problam  uaing  an 
analytical  approach  which  aaparataa  fiber,  matrix  and  Intarfaca  machanlama,  and 
uaaa  carefully  controlled  axparimanta  to  aatabliah  nacaaaary  atatlatical  atrangth 
and  Ufa  data.  A  unique  new  laboratory  for  compoaltaa  haa  bean  aatabliahad  at 
MPS  and  tha  firat  auccaaaful  raaaarch  raaulta  have  now  baan  reported.  Aircraft 
atructural  fatigue  and  fracture  la  baing  addraaaad  by  Profaaaor  Lindaay,  idio 
recently  haa  conducted  an  axtanaiva  aurvay  of  tha  Naval  Air  Syataaui  Command' a 
Aircraft  Structural  Life  Surveillance  (ASLS)  Program. 


ADVMICro  AIRCRAFT  BHQIliB  AHD  MISSILE  PROPULSION  ST0D1F8 

Currently  in  Ita  aacond  phaaa,  the  goala  of  tha  third  phaaa  of  tha  (trl-aarvlca, 
govanuBant/induatry)  Integrated  High  Performance  Turbina  Xnglna  Tachnology 
(IBPTBT)  Program  can  only  ba  reached  by  achieving  vary  aignlf  leant  parforaanca 
and  weight  advancaa  in  aach  of  tha  angina  conponanta .  Advancing  fan  and 
compraaaor  and  turbine  aarodynamica  (to  allow  higher-blade  loading)  ia  tha  foeua 
of  the  work  of  Profaaaora  Shreave  and  Bobaon  at  tha  Turbopropulaion  Laboratory. 
The  general  approach  la  to  uaa  tha  laboratory' a  axcaptlonal  ai^arlmantal 
facllitiaa  to  validate  CFO  codaa  being  developed  for  uaa  in  advanced  daalgn.  Tha 
off-daalgn  and  atalllng  behavior  of  controllad-dlf fualon  ccaqpraaaor  blading  ia 
being  maaaurad  in  a  vary  larga-acale  aubaonic  caacada  wind  tvunal.  Tha 
alleviation  of  ahock  boundary- interaction  loaaaa  la  being  atudiad  in  a  tranaonic 
blow- down  wind  tunnel  model  aimulation  of  tha  flow  through  fan  paaaagaa.  Tha 
datalla  of  flow  in  tha  tip  region  of  high  apaad  turblnaa  la  to  bo  atudiad  uaing, 
aa  a  tool,  tha  Space -Shuttle  Maln-Bngina  fuol-puap  turbine  and  an  annular 
caacada.  Two-  and  three -dimanalonal  travaraing  Laaar-Dopplar  Voloeimatar  (LDV) 
ayatama  have  bean  developed  for  velocity  field  mapping.  Tha  dovalopmant  of 
auccaaaful  dlagnoatic  tachniquoa  to  raaolvo  amall-  acala,  three -dimanalonal 
offocta  near  to  walla  la  nacaaaary  to  achieve  the  goala  of  thia  and  tha  IBPTBT 
program. 

Profaaaor  Natzar'a  work  at  tha  Combuatlon  Laboratory  haa  two  thruata  relating  to 
mlaalla  propulalon.  Firat,  toward  IR  aignatura  reduction,  under  Air  Force 
aponaorahlp,  a  tachniquo  for  evaluating  tha  offocta  of  rocket  motor  chamber 
conditlona  and  fuel  additlvoa  on  tha  omlaaivity  of  tha  plume  ia  baing  davalopad. 
Tha  atudy  Involvaa  axparimanta  in  which  plume  particle  alza  and  concentration 
Bwaauramanta  are  made  and  plume  radiation  la  conqpared  with  computational  coda 
prodlctiona.  Second,  under  Navy  aponaorahlp,  a  number  of  advanced  ramjet 
propulalon  Idoaa  ara  invoatlgatad  axparimantally.  Thaao  include  auparaonlc 
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coiid>ustion  with  aolld  fuels,  ignition  and  plusM  charsetsriaties  with  boron/boron 
carbide  fuel,  investigations  relating  to  the  coobustlon  of  Mtallised  slurry 
fuels,  optinlsation  of  coBd>ustor  design  for  high  perforsance  and  low-cost, 
coBblned-cycle  BK>tors  which  can  be  carried  by  an  RPV.  Also,  Professors  Biblars 
and  Netser  have  carried  out  an  evaluation  of  theoretical  and  e3q>eriaental 
approaches  used  for  the  SMasureaent  of  soot  size  and  optical  properties  in  gas 
turbine  exhausts.  The  study  resulted  in  a  patent  disclosure  for  a  new,  sisf>le 
technique  for  neastiring  soot  concentration  in  gas  turbine  exhaust  pluses. 


SPACECRAFT  DESIGN.  ATTITODB  COIITROL  fc  MAlignVKR 

A  variety  of  projects  result  from  the  isq^rtance  of  spacecraft  in  Naval 
operations.  First,  the  FLTSATCOM  at  NPS  enabled  a  joint  e3q>oriaent  to  be 
conducted  in  1993  with  the  Naval  Satellite  Operation  Center  (NAVSOC)  to  test,  and 
in  the  process  successfully  verify,  NAVSOC  telemetry  and  cosmtand  software.  Also, 
the  development  of  a  Spacecraft  Robotics  Sisnilator,  involving  two  dual-link 
sumlpulators  and  a  common  payload,  was  craspleted.  In  spacecraft  design,  efforts, 
an  Alternate  Techsat  Satellite  was  designed  to  specifications  provided  by  the 
Strategic  Defense  Initiative  Office  and  a  New  Asteroid  Rendezvous  Satellite 
design  won  second  place  in  the  AIAA  Graduate  Teams  Space  Design  Competition. 
Professors  Agrawal  and  Bang  continue  their  research  efforts  related  to  improving 
altitude  control  of  flexible  spacecraft,  cosbining  analytical  efforts  with 
robotic  ei^eriments.  Professor  Ross's  research  is  on  optlstlzlng  trajectories  and 
atmospheric  sianeuvers  to  effect  orbital  plane  changes.  Be  has  also  recently 
reviewed  the  problem  of  uncontrolled  satellite  reentry  and  laqpact  prediction, 
which  is  of  concern  to  the  Air  Force  (AF)  SPACBIiOM. 


AIRCRAFT  CCamAT  SURVIVABILITY  AMD  LETHALITY  ASSESSMEET 

Professor  Ball  originated  the  study  of  survivability  at  NPS  nineteen  years  ago 
and  has  since  provided  technical  support  to  NAVAIR  and  the  Joint  Technical 
Coordinating  Group  on  Aircraft  Survivability  (JTCG/AS)  by  writing  a  textbook  in 
aircraft  survivability  by  providing  five  day  short  and  two  day  "shorter"  courses 
and  by  conducting  imalytlcal  studies  on  specific  weapons  systoam.  In  1993,  150 
U.S.  military  offices,  DOD  and  industry  engineers  attended  the  five  day  course 
in  Nonterey.  The  shorter  two -day  course  was  given  at  the  Naval  Air  Warfare 
Center,  Patuxent  River,  and  at  Newport  News  jointly  for  the  US  Anay  Aviation 
Sys tests  Cosmtand  and  the  US  Air  Force  Air  Combat  Command.  Analytical  studies 
included  an  evaluation  of  the  effects  of  pulsing  the  siotor  of  an  air-to-air 
silsslle  on  the  stlss  distance  from  the  target  aircraft.  Significant  progress  has 
been  stade  in  the  development  of  the  NPS/NAVAIR  Survivability  &  Dethallty 
Assessment  Center  (SLAC)  which  was  initiated  under  NAVAIR  sponsorship.  Two  major 
prograsts,  ACES/PHOENIX  and  EADSIM  ware  added.  ACES/PHOENIX  runs  on  the  secure 
NPS  Wargasting,  Analysis  and  Research  Laboratory  cos^uter  system  while  EADSIM  runs 
on  the  NPS  Cosqtuter  Center  Visualization  Laboratory  workstations.  Aerodynaadc 
models  for  the  F-14A  and  F-14B  were  constructed  and  added  to  the  database  of  the 
ACES/PHOENIX  software  package  in  the  course  of  a  study  carried  out  for  the  Naval 
Air  Warfare  Center,  Weapons  Division  (Point  Nugu) .  This  study  aims  to  develop 
a  methodology  that  can  be  used  to  assess  the  enhanced  survivability  of  an 
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aircraft  dua  to  auaeaptibiltty  raduetioa  eoaeopta.  Tlia  ■athodology  la  Tr^til'nl  to 
aaaaaa  tha  anhancad  aurvivabillty  of  tha  r-14  X/M  dua  to  tha  19tl  Ql^ada 


Vrograa.  Vrograaa  oo  tha  and  adltloo  of  tha  taxtbook. 

Aircraft  Coxbat  Survlrabllitv  Analvaio  and  Daalon.  publlahad  by  AZAA.  oonalatad 
of  aoanntag  for  first  adltioa  and  editing  for  scannad  taxt. 
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ATTITODl  COMTKOL  09  gl.gTTBt.1  SPACBCKAFT 
B.N.  Agraxml,  Professor 
H.  Bang,  Research  Assistant  Professor 
DeipartsMmt  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJBCTXVSt  Th«  goal  of  thia  pro j act 
was  to  dovolop  ioprovod  control 
taelinlquos  for  floxlblo  spacecraft 
and  space  robotic  and  validate  them 
by  e:qperlaental  teats.  It  was  a 
continuing  project. 

SOBBUKT:  A  new  closed-loop  switching 
function  for  on-off  thruster  firing 
is  developed  to  provide  a  good 
attitude  control  parfomance  in  the 
presence  of  aodeling  errors  for 
single-axis  slew  maneuver  of  a  rigid 
spacecraft.  The  switching  function 
also  provides  capability  of  a  trade¬ 
off  between  slew  maneuver  time  and 
fuel  expenditure.  The  analytical 
simulations  and  experimental  results 
deaK>nstrate  that  the  new  switching 
function  provides  significant 
Improvement  in  the  slew  maneuver 
performance.  In  the  area  of  space 
robotic,  Lyapunov  method  was  used  to 
develop  cooperative  control  of 
multiple  space  manipulators.  A  fifth 
order  polynomial  reference  trajectory 
was  selected.  The  control  torque 
consists  of  reference  torque  and  a 
torque  related  to  tracking  errors  and 
rates.  The  system  consisted  of  two 
dual  link  manipulators  with  a  cosmon 
payload.  The  analytical  and 
e:qperiaMntal  results  deoionstrated 
good  performances  of  the  control 
laws. 

PfMLTCATlOWS  s  Agrawal,  B.H., 
■Dynasd-c  Characteristics  of  Liquid 


Motion  in  Partially  Filled  Tanks  of  a 
Spinning  Spacecraft,”  AIAA  Journal  of 
Guidance.  Control,  vol. 
16,  No.  4,  pp.  636-640,  JUly-August, 
1993. 

Agrawal,  B.N.,  "Attitude  Control  of 
Flexible  Spacecraft,”  in  Proceedings 
of  the  International  Symposium  on 
Advances  in  Aerospace  Sciences  and 
Engineering,  Banglore,  India,  12-15 
December  1992. 

Agrawal,  B.N.  and  Bang,  H.,  "Slow 
Maneuver  of  a  Flexible  Spacecraft 
using  On-Off  Thrusters,”  in 
Proceedings  of  the  AIAA  Guidance, 
Navigation,  and  Control  Conference, 
AIAA-93-3724,  Monterey,  CA,  pp.  224- 
233,  9-11  August  1993. 

OQMFSRNHCB  PKBSNHXATKNIx  Agrawal, 
B.N.,  "Liquid  Dynamics 
Characteristics  in  Spinning 
Spacecraft,  ”  International  Conference 
on  Computational  Engineering  Science 
(ICES' 92),  Hong  Kong,  17-22  Decesiber 
1992. 

THESIS  DIHBCTBD:  Yale,  G.H.,  CPT, 
USAF,  "Cooperative  Control  of 
Multiple  Space  Manipulators,”  Ph.D. 
Dissertation,  September  1993 . 

DOD  KEY  TECHNOLOGY  ABEAx  Design 
Automation. 

KEYWORDS X  Flexible  Spacecraft,  Space 
Robotic,  Slew  Maneuver. 
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gPj^ClCWtfT  gYgTBig 
B.H.  Agraiml,  ProfMsor 
H.  Bang,  Reacarch  Rasiatant  Profaaaor 
Dapartaant  of  Aaronautloa  and  Ratroakautiea 
Spomaor  and  Funding:  Spaca  and  Haval  Narfara  Byataaa  CoHaand 


OBJBCnVB:  To  dovolop  iaprovod 
•pacocraft  aystaa  daaign  tachnlquaa 
and  contlnua  davalopaant  o£ 
apaeacraft  laboratoriaa  to  parfora 
raaaarch  in  apaeacraft  ayataaa.  In 
ia  a  continuing  project. 

SOanuiT:  A  joint  a:qpariaMnt  with 
Haval  Satalllta  Operation  Canter 
(KAVSOC)  to  teat  KAVSOC  talaaatry  and 
coaaand  aoftwara  by  uaing  the 
FLTSATCON  aatallita  at  NFS.  Coananda 
and  talaaatry  ware  aant  batwaan 
KAVSOC  and  KPS  over  telephone  llnaa. 
The  development  of  Spacecraft 
Robotiea  Sianilator  waa  eoaplated.  It 
eonaiata  of  two  dual-link 
manipulator a  with  a  eomnon  payload. 
Adaptive  atructurea  were  developed 
uaing  multiple  pleaoceraade  aenaora 
and  actuator a. 

POBUCATXOMSi  Agrawal«  B.N.,  "High 
Irfitltuda  CoBanmicatlona  Satellite,* 
Maw  Knaineer  Journal,  July  1993. 

Agrawal,  B.N.  and  Bang,  H.,  "Active 


Vibration  Control  of  Flexible  Space 
Strueturea  by  uaing  Fiesoeleetric 
Senaora  and  Actuatora,"  in 
Froeeedinga  of  the  14  th  Biennial 
Conference  on  Mechanical  Vibration 
and  Hoiae,  Albuquerque,  MM,  pp.  169- 
179,  19-22  September  1993. 

THMSMS  PIMMCl'KUt  Mewman,  S.,  LT, 
tJSM,  "Active  Daaping  Control  of  a 
Flexible  Space  Structure  uaing 
Fiesoeleetric  Senaora/Actuatora, * 
Maater'a  Theaia,  Decamber  1992. 

Hixanbaugh,  F.D.,  LT,  USM,  "A  Study 
on  Flesoeloetrle  Actuatora  and 
Senaora  for  Vibration  Control  of 
Flexible  Space  Strueturea,”  Maater'a 
Theaia,  September  1993. 

OOD  KMT  TSCBMOLOOT  AMMAt 

Ccmmunleationa  Networking. 

XKXMOKDBt  FLTSATCON,  TelaaMtry  and 
Command. 
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HhSK/JJSMh  ADVMICB)  DMIOli  PaogBMl 
B.M.  Agrawal,  Professor 
Depsirtasmt  of  Aeroasutlcs  and  Astronautics 
Sponsor  and  Funding:  University  Space  Research  Association 


OBJBCTXVBt  Th«  goal  la  to  pronto 
onglnaorlng  odueatlon  In  apaea  and 
astronautlca  through  doaign. 

SOMBUnr:  Two  spacoeraft  ayatoa 
design  projects  were  coaplotod}  the 
Near  Asteroid  Rendezvous  and  NFS 
Alternate  Taehsat  Satellite  (KATSAT)  . 
The  prlatary  specifications  for  the 
Hoar  Asteroid  Rendezvous  Satellite 
ware  based  on  an  AIAA  Lockheed 
Corporation  Graduate  Teaa  Space 
Design  Ccaqpetltlon  data  package.  The 
NFS  design  cospetltlon  won  second 
place  In  this  national  doaign 
coapetltlon.  The  objective  of  the 
HARTSAT  project  was  to  design  a 
spacecraft  bus  to  support  low  earth 
orbit  ozperlsMnts.  Specifications 
for  the  spacecraft  bus  were  provided 


by  the  Strategic  Defense  Initiative 
Office  (SDIO) . 

B.N.,  "Near-Barth  Asteroid 

Rendezvous, "  Ninth  Annual  SuasMr 
Conference  of  the  DSRA  Advanced 
Design  Frograas,  Houston,  Texas,  14- 
17  June  1993. 

Agrawal,  B.H.,  "NFS  Alternate  Techsat 
Satellite,"  Ninth  Annual  Sunaor 
Conference  of  the  DSRA  Advanced 
Design  Frograzi,  Houston,  Texas,  14-27 
June  1993. 

DOO  BBT  THCBNOLOaT  ABBA:  Design 

Automation. 

BBTWOBDSi  Spacecraft,  Small 

Satellites,  Near -Barth  Asteroid. 
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MSS. 


BiLiry  spppoiT 


R.B.  Ball,  Professor 

DepertsMmt  of  Aeronautics  and  Astronautics 
Sponsor  and  Fundix^:  Joint  Technical  Coordinating  Group  on 
Aircraft  Survivability  (JTCO/AS) 


QBJSCTXVBs  Th«  objactlv*  of  thla 
•ffort  is  to  continuo  tho  tochnlcal 
support  provldsd  to  tho  JTCO/AS  for 
ths  past  20  ysars  by  conducting 
rsssarch,  prssantlng  short  courses, 
dsvsloplng  educational  siatarlal,  and 
parfonolng  analyses  In  aircraft 
conbat  survivability.  Ths 
acconplishmsnts  during  FY  93  arc 
given  below. 

SOSMAKr:  (1)  Short  and  Shorter 
Courses:  Since  1979,  the  one  week 
NPS/HAVAIR/JTCO/AS  short  course  has 
bean  offered  biennially  by  Prof. 
Ball.  The  aost  recent  offering  was 
in  Monterey  in  J^ril,  1993,  and  over 
150  ns  odlitary  officers  and  DoD  and 
US  aerospace  engineers  and  sumagers 
attended.  In  order  to  aiake  the 
material  available  to  more  people. 
Prof.  Ball  developed  an  18  hour 
shorter  version  of  the  one  week 
course  in  1991.  In  1993,  he 
conducted  two  shorter  courses,  one 
for  the  US  Army  Aviation  Systems 
Connsand  Aviation  Applied  Technology 
Directorate  and  the  US  Air  Force  Air 
Combat  Coamiand  at  Newport  News  and 
one  for  the  Naval  Air  Test  Center  at 
Patuxent  River.  Approximately  45 
students  attended  each  course.  (2) 
Bducational  Materials:  Professor  Ball 
continued  the  development  of  the 
second  edition  of  his  AIAA  textbook. 
The  Fxmdamentals  of  Aircraft  Combat 
Survivability  Analysis  and  Design. 
Progress  in  Fy93  consisted  of  the 
completion  of  the  scanning  of  the 


first  edition  of  the  text  and  the 
editing  of  the  scanned  version,  idiich 
consisted  of  correcting  errors  in  the 
scanning,  eliminating  end  of  line 
characters,  proper  formatting,  etc. 
(3)  Projects:  Two  thesis  projects 
were  completed  in  FY93.  The  first 
consisted  of  siajor  InproveaMnts  to 
the  Macintosh-based  program  MACSAP. 
MACSAP  is  used  to  assess  the  payoffs 
and  penalties  associated  with 
survivability  enhancement  features  in 
the  conceptual  design  phase.  It  has 
been  distributed  to  over  30 
organizations.  The  second  consisted 
of  a  study  of  the  effects  of  pulsing 
the  motor  of  an  air-to-air  missile  on 
the  missile  sUss  distance  from  the 
target  aircraft. 

TBBSBS  DIRSCnDt  Lindsay,  C.8.,  LT, 
USN,  "MACSAP  2.0:  An  Isproved  Version 
of  the  Macintosh  Survivability 
Assessment  Program,"  Master's  Thesis, 
June  1993. 

Dobrei,  A.J.,  CPT,  Canadian  AF,  "A 
Kinematic  Upgrade  to  an  Infrared 
Air- to- Air  Missile  Using  Dual 
Interrupted-Thrust  Technology  and  its 
Effect  on  Lethality,"  Master's 
Thesis,  June  1993. 

DOD  xxr  TBCHNOLOCnr  joaoit  Design 
Automation. 

XBX1IDRD8:  Aircraft,  Survivability, 
Missile,  Lethality,  Modeling, 
Simulation. 
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MFS/ll^VMR  8TOVIVMILITY  t  LBTHJkLITy  ASSg««MWT  ^ 

R.B.  Ball,  Professor 

D^^rtaent  of  Aeronautics  and  Astronautics 


Sponsor  and  Funding;  Haval  Air  Syst« 


Code  5164 


OBJSCTXVBi  Th«  objactlvaa  of  this 
r«a«arch  pro j  act  ara  (1)  to  davalop  a 
aurvlvablllty  and  lathallty 
aasassaant  eantar  within  tha  HPS 
Nargaadng  Analyaia  &  Rasaarch 
Laboratory,  and  (2)  to  uaa  tha  eantar 
to  conduct  axirvivability  and 
lathality  atudiaa.  Tha  coaq>utar 
programs  in  tha  eantar  ara  availabla 
to  tha  studants  and  faculty  at  MPS 
for  rasaarch  in  specific 
survivability  and  lathality  topics  on 
land,  saa,  air,  and  space  targets  as 
wall  as  rasaarch  on  tha  programs 
thamsalvas.  Tha  following  efforts 
ware  eomplatad  or  ara  still  underway 
at  tha  and  of  1993. 

SVMMRRT:  Two  siajor  programs  ware 
added  to  tha  SLA.C;  ACBS/PHOSNIX  and 
BAOSIM.  (1)  XCBS/PHOBNIX:  This 
program  was  developed  first  by  BDK 
and  later  by  PRC  to  assess  tha 
siirvivability  of  friendly  aircraft 
over  hostlla  territory,  particularly 
the  survivability  of  tha  B-2 
strategic  bombar.  It  is  a  shall 
program  that  combines  several 
existing  classified  programs  for  tha 
survivability  analysis  of  aircraft 
into  one  program  with  a  comnon  input 
structure  and  provides  extensive 
graphical  output  caped>illtias.  The 
program  was  acquired  from  PRC, 
installed  on  tha  Sun  Sparcstation  #2 
in  tha  secure  NPS  (Hargamlng, 
Analysis,  and  Research  laboratory 
(WAR  Lab) ,  evaluated  as  tha  first 
Bata  site  for  PRC,  and  used  to 
datarmlna  tha  effect  of  RCS  reduction 
on  detection  rimga.  In  addition,  a 
user's  manual  was  prepared,  generic 
scenarios  were 


developed  for  use  in  AA  3251, 
"Aircraft  Combat  Survivability, "  and 
the  program  was  compared  with  BADSm. 
(2)  BADSIM:  This  unclassified 
program  was  developed  by  Teledyne 
Brown  Bnginearing  for  tha  US  Jirmf 
Space  and  Strategic  Defense  Coassand. 
It  is  a  very  powerful  analysis  tool 
that  can  modal  many  aspects  of  air 
warfare.  Tha  program  was  acquired, 
installed  on  the  NPS  Craputar  Center 
Visualization  Laboratory's  (Vis  Lab) 
Silicon  Graphics  Power  Series 
380/V6X.  The  Vis  Lab  was  used 
because  the  program  is  unclassified; 
this  allows  freer  access  to  the 
program  by  siore  studants  and  faculty. 
Generic  AAH  and  Strike  Warfare 
scenarios  were  developed  for  use  in 
AA  3251  and  AA  3705,  "Air  Defense 
Lethality."  A  user's  sianual  was 
prepared,  and  the  program  was  used  to 
study  the  effects  of  changes  in 
weapon  lethality  on  air  defense 
lethality  within  a  simulation. 

TBBSBS  DIRBCTBD:  Armantrout,  J.T., 
LT,  USN,  "Adaptation  of  ACBS/PBOBNIX 
for  Aircraft  Combat  Survivability 
Assessment  at  tha  Naval  Postgraduate 
School,"  Master's  Thesis,  June  1993. 

Bourassa,  N.R.,  LCDR,  USN,  "Modeling 
and  Simulation  of  Fleet  Air  Defense 
Systesis  Using  BADSIM,"  Master's 
Thesis,  June  1993. 

DOD  KBT  TBCHHDLOGT  ABBA:  Design 
Automation . 

XRWORDSt  Aircraft,  Air  Defense, 
Survivability,  Lethality,  Modeling, 
Simulation. 
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F-14A/B  nPGRADB  PROGRAM  SUSCKPTIBILITr  ASSBggmag 
R.B.  Ball,  Professor 

Departaent  of  Aeronautics  and  Astronautics 
^>onsor  and  Funding:  Naval  Air  Warfare  Center,  Weapons  Division, 

Point  Mugu,  CA 


OBaSCTXVS:  Th«  objective  of  this 
project  is  to  develop  s  isethodology 
thet  can  be  used  to  assess  the 

enhanced  survivability  of  an  aircraft 
due  to  the  six  susceptibility 
reduction  concepts  (threat  warning, 
noise  jasning  and  deceiving, 
signature  reduction,  expendables, 
threat  suppression,  and  tactics) . 
This  methodology  will  be  used  to 
assess  the  enhanced  survivability  of 
the  F-14A/B  due  to  the  1991  Upgrade 
Program. 

SUHMABT:  The  F-14  A  and  B  versions 
of  the  Toaicat  are  undergoing  an 
Blectronic  Combat  system  upgrade  in 
order  to  meet  current  and  future 
threats  and  to  Inqprova  its  combat 
survivability.  The  Upgrade  Program 
consists  of  an  Inqproved  radar  warning 
system  and  displays  -  the 
ALR-67D(V)  2)  ,  an  laqproved  active 
electronic  countermeasures  system  - 
the  AZ<0-126B,  euid  a  significant 
increase  in  expendable  chaff  -  the 
BOL  system. 

Ho  standard  methodology  exists  within 
the  survivability  community  to  assess 
the  effectiveness  of  all  of  the 
susceptibility  reduction  concepts 
used  in  the  Upgrade  Program. 
Consequently,  this  project  consists 
of  the  developBient  of  a  siethodology 


that  can  be  used  to  perform  a 
susceptibility  assessment  on  any 
platform  in  preparation  for  the 
subsequent  F-14A/B  Upgrade  Program 
assessawnt.  The  sMthodology  employs 
(1)  a  modified  Systematic  Systemm 
Approach  to  weigh  and  compare 
performance  sieasures,  (2)  probability 
trees  to  perform  the  campaign 
analysis,  and  (3)  nonparametric 
statistical  techniques  to  organise 
and  analyze  susceptibility  data.  A 
sisqple  exasple  was  developed  to 
illustrate  the  methodology. 
Additionally,  the  aerodynaadc  models 
for  the  F-14A  and  F-14B  ware 
constructed  and  added  to  the  database 
of  the  BLUBMAX  II  Flight  Path 
Generator  section  of  the  ACBS/PBOBNIZ 
survivability  analysis  software 
package.  This  data  is  needed  for  the 
subsequent  survivability  studies  of 
the  F-14. 

TBBSIS  DIKBCTID:  Watson,  T.C.,  III, 
LCDR,  USH,  "F-14A/B  Upgrade  Program 
Susceptibility  Assessment 
Methodology,”  Master's  Thesis, 
December  1993 . 

D(H>  KIT  TBCBMOIdOGT  AKMAt  Other. 

KXTWOKDSt  Aircraft,  F-14, 
Survivability,  Susceptibility. 
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KIBAUST  PMtnCDIJLTlS 
O.  Biblars,  Professor 
D.W.  Netssr,  Professor 
Department  of  Aeronautics  and  Astronautics 
Sponsor  and  Ifunding;  Naval  Air  NArfare  Center  -  Aircraft  Dlvlsli 


OSOSCncvSt  To  provido  an  indopondont 
•valuation  of  tha  thaoratlcal  and 
•xporiaontal  approachaa  which  hava 
baan  uaad  by  tha  univaraity  of 
Tannaaaaa  Spaca  Znatituta'a  Can tar 
for  Laaar  Applicationa  for  tha 
aMoauraatant  of  aoot  aiza  and  optical 
propartioa  in  gaa  turbine  angina 
•xhauata. 

SOBUKTi  An  evaluation  waa  aeda 
baaad  upon  tha  publiahad  literature 
of  T)T8I-CLA.  Spacific  concluaiona 
and  racoeeandationa  ware  included  in 
tha  final  report  aubaiittad  to  tha 
MANCAD.  A  naw,  aijnplar  tachniqua  for 
■aaauring  tha  concentration  of  aoot 
in  gaa  turbine  axhauat  pluaaa  haa 
baan  propoaad. 

Oraui  Biblarz,  O.  and  Natzar,  D.W., 


"■valuation  of  OTSZ-CXA  P  '•gram  on 
Optical  Maaauraaenta  of  Tui^ina 
Kngina  Ixhauat  Particulatoa/ *  UPS 
Technical  Report  NP8>AA-94-001CR. 

Natzar,  D.N.  and  Biblarz,  O., 
■Particle  Bizing  in  Propulaion 
Syataea,”  Tutorial  Notaa  provided  to 
NANCAD. 

Biblarz,  O.  and  Natzar,  O.W., 
■Dataradnation  of  Boot  Concentration 
free  Tranaalaalon  Maaaur aeanta , ■ 
patent  application  praparad  Dacaebar 
1993  (NC  76,165) . 

DOO  XBT  nKBMOLOeT  ARSAt  Other. 

nmoSDBt  Soot,  Pollution. 
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QSrXT.TATTMQ  AIRFOILS 

M.S.  Chandrasekhara ,  Research  Associate  Professor 
M.F.  Platzer,  Professor 
Department  of  Aeronautics  and  Astronautics 
Sp<msor  and  Funding:  U.S.  An^  Research  Office 


OBJBCTXVS:  To  study  ths  affacts  of 
coapraasibllity  affacts  on  dynimilc 
stall  of  oscillating  airfoils  and 
control  tha  procass  of  dynainic  stall. 
Tha  rasaarch  has  application  in 
halicoptar  'ratraating  blada  stall'. 
Tha  knowladga  is  usaful  in  axtanding 
tha  flight  anvalopa  of  futura 
halicoptar  systams.  On-going  program 
sinca  March  1990. 

smsOKT:  Tha  flow  ovar  a  halicoptar 
ratraating  blada  is  simulatad  in  a 
wind  tunnal  facility  known  as  tha 
coiq>raaslbla  dynamic  stall  facility 
(CDSF) .  Tha  axperimantal  flow 
conditions  ara  such  that  tha 
halicoptar  flight  anvalopa  is 
simulatad.  Tha  raporting  pariod  saw 
two  major  accompllshmants.  Ona  is  tha 
idantlfication  of  a  method  of 
'tripping'  tha  blada  boundary  layer 
such  that  the  full  scale  flight 
Reynolds  numbers  affects  are 
approached  in  tha  laboratory.  Another 
is  the  development  of  a  high  spaed 
camera  system  to  obtain  very  high 
spaed  real-time  point  diffraction 
Interferometry  (PDI)  flow  Images.  The 
successful  development  of  this 
challenging  instrumentation  system 
now  enables  documenting  and  studies 
of  the  rapid  flow  changes  in  a  single 
oscillation  cycle,  which  is  critical 
to  understanding  the  physics  of  the 
unsteady  flow  separation.  Further,  a 
fringe  analysis  software  package  has 
been  developed  to  map  the  flow 
pressure  field  from  the  measured 
density  field.  With  these,  an 
unparalleled  capability  now  exists 
that  permits  measurements  of  the  flow 
changes  when  control  efforts  are 
implemented. 


FDBUCATIGHS:  Chandrasekhara,  M.S. 
and  Ahmed,  S.,  "Velocity  and 
Vorticity  Distributions  Over  an 
Oscillating  Airfoil  Under 
Cospressiblllty  Conditions, "  AIAA 
Journal .  Vol.  31,  Ho. 6,  pp.  995-996, 
June  1993 . 

Ahmed,  S.  and  Chandrasekhara,  M.S., 
"Reattachment  Studies  of  an 
Oscillating  Airfoil  Dynamic  Stall 
Flow  Field, "  AIAA  Journal ,  accepted 
for  publication  Septasdbar  1993. 

COMFKRMHCB  PRMSMMXATICHS : 

Chandrasekhara,  M.S.,  "Oscillating 
Airfoil  Compressible  Dynaad.c  Stall 
Flow  Field, "  Invited  Paper, 
International  Symposium  on  Advances 
in  Aerospace  Sciences  and 
Engineering,  Bangalore,  India,  12-14 
December  1992 . 

Chandrasekhara,  M.S.  and  Van  Dyken, 
R.D.,  "LDV  Measurements  in 
Dynamically  Separated  Flows , "  The 
Fifth  International  Conference  on 
Laser  Anemometry  -  Advances  and 
Applications,  Koningshof,  Veldhoven, 
The  Hetherlands,  23-27  August  1993. 

Ekaterinaris,  J.A.,  Platzer,  M.F.  and 
Chandrasekhara,  M.S.,  "Low  Reynolds 
Humber  Airfoil  Predictions,"  45^^ 
American  Physical  Society  Fluid 
Dynamics  Meeting,  Tallahassee,  FL, 
22-24  Hovember  1992. 

DOO  EB7  TBCBMOLOGT  ARSA:  Other. 

RKYWORDS:  Unsteady  Separated  Flow, 
Flow  Control,  Interferometry,  High 
Speed  Imaging. 
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C  STALL  OF  AND  COMPRSSSIBILI 


BFFKCTS  ON  TRANSIKNTLY  PITCHING  AIRFOI 


USING  ADAPTIVB  GBONBTRIB 


II. S.  Chaxidraselchara,  Research  Associate  Professor 
M.F.  Platzer,  Professor 
l^partaent  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  AFOSR 


OBJWCtlVEs  To  davclop  a  daployabla 
naans  of  controlling  the  unsteady 
separated  flows  over  a  maneuvering 
wing  by  using  wing  geometries  that 
adapt  to  the  Instantaneous  flow  over 
it.  The  research  has  application  in 
enhancing  the  maneuverability  of 
fighter  aircraft.  Initiated  in 
October  1992  as  a  follow-on  effort  to 
the  basic  studies  carried  out  in  the 
previous  years. 


SUMHART:  The  flow  over  a  transiently 
pitching  aircraft  wing  (or  airfoil) 
has  been  studied  in  the  past  to 
obtain  a  proper  understanding  of  the 
compressibility  effects  that  cause 
loss  of  lift  and  premature  stall  of 
pitching  wings.  It  was  Identified 
that  a  reasonable  means  of 
controlling  the  flow  could  be 
developed  if  the  flow  induced  adverse 
pressure  gradients  over  the  wing 
could  be  favorably  modified.  Such  a 
means  would  require  Instantaneous 
change  of  the  wing  shape.  In  other 
words,  the  wing  should  "adapt"  to  the 
local  flow  conditions  on  a  continuous 
basis.  However,  this  is  a  very 
challenging  task.  In  an  effort 
towards  reaching  this  goal,  a  new 
electro-expulsive  de-icing  device  on 
the  wing  leading  edge  was  tested. 
Since  the  deformation  produced  by 
this  was  highly  irregular  it  was  not 
acceptable.  Currently,  a  new  wing 
whose  leading  edge  is  fabricated  from 
a  composite  material  is  being 
constructed.  Additionally,  the  drive 


system  that  produces  the  necessary 
forces  to  deform  tl  e  surface  is  being 
designed.  Testing  is  expected  to 
commence  shortly. 

PUBLlCATiaMS:  Chandrasekhara,  M.S., 
Ahmad,  S.,  and  Carr,  L.N.,  "Schllaren 
Studies  of  Compressibility  Effects  on 
Dynamic  Stall  of  Airfoils  in 
Transient  Pitching  Motion, "  Journal 
of  Aircraft.  Vol.  30,  pp.  213-220, 
1993. 

Chandrasekhara,  M.S.,  Carr,  L.N.,  and 
Wilder,  M.C.,  "Interferometric 
Investigations  of  Compresslblo 
Dynamic  Stall  Over  a  Transiently 
Pitching  Airfoil,"  AIAA  Journal , 
accepted  for  publication,  July  1993. 

COHFBRHNCB  P  DB  1. 1  C  AT  I  OM8  x 
Chandrasekhara,  N.S.,  Wilder,  M.C., 
and  Carr,  L.W.,  "Transition  Effects 
on  Conpressible  X>ynaBiic  Stall  of 
Transiently  Pitching  Airfoils,"  AIAA 
24*^^  Fluid  Dynasties  Conference,  6-9 
July  1993. 

Cho,  Y.C.,  Carr,  L.W.,  and 
Chandrasekhara,  M.S.,  "Corrections  to 
Fringe  Distortion  Due  to  Flow  Density 
Gradients  in  Optical  Interferometry,  " 
AIAA  31°*^  Aerospace  Sciences  Meeting, 
11-14  January  1993. 

DOD  BBT  TBCBMOLOGT  ARBA:  Other. 

KBIWORDS:  Unsteady  Flow  Control, 
Ssiart  Materials,  Interferometry. 


aiMJi  gem  TfBP  TTOHIL  MYIgTlflMiqil  9W 

r/A.ifl  ATurttAWT  ^7  mem  Km.ma  of  attm 

S.K.  Hdbbar,  Adjunct  Professor 
M.F.  Plstssr,  Professor 
Deperteent  of  Aeroneutles  end  Astroneuties 
Sponsor  end  Fundlngi  NASA  Anes  Reseereh  Center 
(llon-nonetery  support) 


OBJBCTXVSt  This  waa  tha  continuation 
of  tha  aaeond  project  of  a  aariaa  of 
oooparativa  atudiaa  of  F/A-18  batwaan 
tha  Aaro/Aatro  Oapartaant  of  tha  HPS 
and  tha  Fixad-wing  Aarodynaaica 
Branch  of  NASA  Abmc  Raaaarch  Cantor 
aiaad  at  atudying  tha  interaction 
batwaan  tha  F/A-18' a  LBX  vortax  and 
tha  vartical  tail  aurfacaa,  with  and 
without  tha  ZtlX  fancaa. 

SOBBUnrt  Tha  vortax  waka  data 
collactad  downatraan  of  a  3%  acala 
andal  of  tha  YF-17  lighttraight 
fightar  prototypa  anuntad  at  high 
anglaa  of  attack  in  tha  NFS  low  apaad 
wind  tunnal  waa  axaadnad  to  aeka 
appropriate  racoaoMindationa  to  NASA 
in  aupport  of  a  full  acala  taating  of 
F/A-18  in  tha  NASA-Aaea  80-ft  x  120- 
ft  wind  tunnal.  During  tha  period 
under  review  (laat  year  of  tha  anilti- 
yaar  prograe) ,  tha  earlier  data  f roe 
hot  wire  aurvaya  and  power  apactra 
eaaauraawnta  (already  reported  in  a 
N.S.  Thaaia)  waa  further  analyiad  and 
a  coavrahanaiva  report  prepared  and 
aubadttad  to  NASA  Project  Director, 
NFAC.F-18  High  Alpha  Teat. 

FPBIiICATIOaix  Habbar,  S.K.,  Plataar, 


N.F.,  and  Frink,  W.D.,  Jr.,  "Vortax 
Make  Xnvaatigation  of  a  Twin-Tail 
Fightar  Aircraft  Modal  at  High  Anglaa 
of  Attack  with  and  without  LHZ 
Fancaa,"  AIAA  Paper  93-0868,  January 
1993. 

COnrKBBHCB  PKBSHNXATZait  Habbar, 
S.K.,  Plataar,  M.F.,  and  Frink,  W.D., 
Jr.,  "Vortax  Make  Xnvaatigation  of  a 
Twin-Tail  Fightar  Aircraft  Modal  at 
High  Anglaa  of  Attack  with  and 
without  LIZ  Fancaa,"  AXAA  31at 
Aaroapaca  Sciancaa  Meeting,  Hano, 
Nevada,  January  1993. 

OTBiRi  Tha  principal  investigator 
(SZH)  received  NASA  Croup  Achiavaeant 
Award  for  contribution  to  F/A-18  high 
angle  of  attack  test  prograe.  Tha 
results  of  thia  invaatigations  are 
being  sueearisad  in  tha  fore  of  a 
Technical /Inginaaring  Nota  for 
publication  in  a  Journal. 

DCO  KBT  TSeSMOLOOr  AIBAi  Other. 

m  NORDSx  High  Angle  of  Attack, 
F/A-18,  Vortax  Naka,  UCK  Fence,  Hot¬ 
wire  Surveys,  Turbulence  Power 
Spectra . 
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TORBIMB  TIP-T.lCXgAgK  nCMS 
O.V.  Edbsom,  Associate  Professor 
Deipartaent  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  HANC  Aircraft  Division,  Trenton 


WncnvS:  This  pro j  set  sntalls  the 
systsaatlc  iMssursasnts  of  highly 
swirling  turbine  flows  with  a  newly 
coBDBissloned  three -con^onent  fibre- 
optics  laser  Doppler  velocimeter 
(IiDV) ,  in  test  articles  of  saiall  size 
at  realistic  Mach  numbers.  The 
objective  of  the  project  is  to 
develop  techniques  necessary  to 
obtain  non- intrusive  IiDV  data  in  the 
tip-leakage  region  of  operating 
turbines,  as  these  flows  accoiint  for 
significant  losses.  The  problems 
associated  with  optical  access 
windows,  and  seeding  material  are  to 
be  addressed  in  an  annular  turbine 
cascade  (ATC) ,  and  then  LDV 
measurements  will  be  performed  in  the 
turbine  of  the  High  Pressure  Fuel 
TurboPump  (HPFTP)  for  the  Space 
Shuttle  Main  Engine  (SSMB) . 

smooutT:  The  design  of  the  ATC  was 
completed  by  I>t  6.  Thomas.  Successful 
probe  measurements  were  performed 
downstream  of  the  annular  turbine 
cascade.  These  entailed  three-hole 
cobra  probe  measurements  of  total 
pressure,  local  Mach  number  amd  flow 
angle  over  one  blade  pitch  and  at 
seven  different  radial  positions. 
Before  the  txinnel  was  coaplete,  Lt. 
G.  Thomas  successfully  ran  RVC3D 
(Rotor  Viscous  Code  3-D  by  Rod  Chima 
of  NASA  Lewis  Research  Center)  on  the 
ATC  geometry.  Initial  predictions 


showed  that  a  wall  jet  was  to  form 
close  to  the  hub  endwall  downstream 
of  the  blades.  These  results  were 
unexplained  and  thus  considered  to  be 
suspect,  as  they  did  not  show  the 
more  faad.liar  wake  flow  profiles, 
which  were  predicted  for  the  rest  of 
the  annulus.  However,  the  Initial 
probe  measureamnts  showed  that  these 
predictions  were  correct  as  the  wall 
jet  was  a  result  of  the  secondary 
flow  energizing  the  hub  wall  boundary 
layer.  LDV  measurements  are  planned 
in  the  coming  year.  The  knowledge 
gained  from  this  rig  will  bo  used  to 
design  and  zianufacture  an  optical 
access  window  for  the  turbine  test 
rig.  The  current  test  article  is  the 
HPFTP  for  the  SSMX,  and  the 
configuration  to  be  initially  tested 
is  the  Alternate  TurboPump  Design 
(ATD)  which  Pratt  and  Whitney 
manufactured. 

THESIS  DIRECTED:  Thomas,  O.D.,  LT, 
USN,  "Measureaiont  and  Prediction  of 
the  Flow  Through  an  Annular  Turbine 
Cascade,”  Master  of  Science  in 
Aeronautical  Engineering,  Septeid>er 
1993. 

DOD  KEY  TECBMOLOOT  AREA:  Propulsion 
and  Energy  Conversion. 

KETMORDS:  Turbine,  Laser  Doppler 
Velocimeter,  Tip  Leakage. 
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OBJSCTZVB:  This  proposed  work  trill 
provide  three -component  laser  Doppler 
veloclaietry  (LOV)  sieasurements  of 
transonic  flows,  as  wall  as  total  and 
static  pressure  distributions,  in  a 
aimular  turbine  cascade  (ATC)  of 
highly  loaded  turbine  blades.  Non- 
intruslva  neasureaients  will  be 
performed  with  the  three -cosponent 
fibre-optics  LDV  system.  Mean  flow 
and  turbulence  quantities  will  be 
Bwpped  out  in  detail  downstream  of 
the  cascade.  Three-dimensional 
viscous  flow  simulations  of  the 
turbine  flowfleld  will  also  be 
performed  to  assess  the  ability  of 
codes  to  predict  such  flows. 

StMMAKT:  This  research  project  is 
aimed  at  obtaining  detailed  three- 
distenslonal  viscous  flow  measurements 
in  an  annular  txurblne  cascade.  Three- 
cosponent  LDV  measurements  have  been 
performed  in  the  comer  vortex  flow 
of  the  Low  Speed  Cascade.  Lt. 
Perretta  performed  transonic  LDV 
sioasureBients  with  a  one-conponent  LDV 
system  in  the  Gas  Dynamic 
Laboratory's  supersonic  blow  down 
wind  tunnel.  These  measiurements  en¬ 


tailed  flowfleld  surveys  across  a 
normal  shock  in  a  Mach  1.4  flow,  and 
boundary  layer  surveys  ahead  of  the 
shock.  Bimodal  hlstograsui  of  the 
unsteady  shock  process  were  measured, 
and  the  feasibility  of  performing 
backscatter  measurements  was 
achieved.  Lt.  Dtschig  performed 
prelisiinary  two  component  CDV 
measurements  in  between  the  blade 
rows  of  a  low  speed  multi-stage 
cospressor.  Both  the  above  projects 
will  assist  in  the  measuresMnt  of 
transonic  turbine  flows. 

THBSB8  DISMCIMDt  Perretta,  D.A.,  LT, 
nSM,  "Laser  Doppler  Veloclmetry 
MeasuresMnts  Across  a  Nonsal  Shock  in 
Transonic  Plow, ”  Master  of  Science  in 
Aeronautical  Bnginaerlng,  March  1993 . 

Utschig,  J.,  LT,  DSN,  "Laser  Doppler 
Veloclaietry  in  a  Low  Speed  Multistage 
Coapressor, "  Master  of  Science  in 
Engineering  Science,  Septeaiber  1993. 

DOD  KBT  TBCSaOLOGT  ARMAt  Propulsion 
and  Energy  Conversion. 

XEZNOEDSs  Fluid  Dynaailcs. 
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STRAP  AMD  IfIMO  BLOttmO  FOR  VOKTKZ  FLOW  COMTBOL 
ON  A  CatOPPKP  DOOBLB-DBLTA  CONFIGORATIOM 
R.M.  Howard*  Aaaociate  Professor 
Departaent  of  Aeromauties  and  Astronautics 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJSCnvSt  Th«  goal  of  this  pro j  act 
waa  to  perform  a  wlnd-ttmnal 
Inv  igatlon  of  tha  application  of 
wi  Old- strata  blowing  for  vortax 
flo.,  control  ovar  highly-swapt 
surfaces .  Measured  ware  tha 
parasiatars  of  lift  and  drag.  This 
project  is  part  of  an  ongoing  study 
of  anhancad  high-angla-of -attack 
aarodynamics . 

Snsounr:  The  maintenance  of  air 
superiority  in  tha  future  will  depend 
on  awneuvering  into  the  post- stall 
flight  regime,  requiring  enhanced 
lift  at  high  angles  of  attack. 
Enhanced  lift  often  depends  on  the 
formation  of  strong  vortices 
generated  from  aircraft  strata  and 
wing  leading  edges,  which  lift  can  be 
compromised  by  vortex  breakdown. 
Recent  studies  have  used  flow- 
visualisation  techniques  to  observe 
flowfleld  changes  due  to  pneumatic 
blowing  over  wings  and  strakes,  but 
direct  maasureaients  of  lift  and  drag 
are  lacking.  Various  blowing  port 
locations,  port  sweep  angles,  port 
inclination  angles  and  blowing 
coefficients  were  treated.  A  maxi  swim 
lift  enhancement  of  9  percent  was 
found  for  blowing  port  1  located  near 
tha  straka  apex,  at  a  tube  sweep 
angle  of  60  degrees  and  inclination 
angle  of  0  degrees,  at  an  aircraft 
angle  of  attack  of  20  degrees.  Tip  to 
the  maximum  blowing  coefficient  of 


0.022,  lift  increased  linearly  with 
blowing  coefficient.  If  tha  linear 
trends  continue  at  higher  blowing 
coefficients  (achievable  by  other 
investigators) ,  lift  increases  of 
from  12  to  25  percent  may  be 
possible. 

OQHnRIMCS  PRSSnXRTiai:  Howard, 
R.M.  and  O'lieary,  J.F.,  "A  Flowfleld 
Study  of  a  Close -Covqpled  Canard 
Configuration,”  AIAA  Paper  93-3499, 
AIAA  Applied  Aerodynamics  Conference, 
Monterey,  CA,  9-11  August  1993. 

THRSRS  DIRMCIHD:  Zgraggan,  C.J.,  LT, 
USN,  "Lift  Bnhancemant  of  A  Wing/ 
Straka  Using  Pneumatic  Blowing,” 
Master's  Thesis,  March  1993. 

McBane,  D.O.,  LT,  USM,  ” Close -Coupled 
Oscillating  Canard  Effects  on 
Post-Stall  Lift  EnhancesMnt, * 
Master's  Thesis,  June  1993. 

OTHER:  A  journal  article  on  related 
prior  work  is  awaiting  publication  in 
the  Journal  of  Aircraft,  and  a  paper 
has  been  accepted  for  presentation  at 
the  AIAA  Atsiospherlc  Flight  Mechanics 
Conference. 

DOD  RET  TECBHOLOOr  AREA:  Other. 

EETWORDS:  Hlgh-Angle-of -Attack, 
Vortex,  Straka. 
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Sponsor  and  Funding;  Naval  Coaaand,  Control  and 
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OBjacrzVSt  Th«  goal  of  thla  projaet 
as  to  aaaist  tha  aponaor  in  tha 
avaluatlon  of  advanead-tachnology 
unaannad  air  vahlclaa  undar  contract. 
In  particular,  HPS  axpartlaa  waa 
naadad  in  tha  araaa  of  vahlcla 
parforaanca,  atabllity  and  control, 
guidance  and  navigation,  and  coaaunl- 
catlons.  Thla  la  an  ongoing  project. 

SnsnUETt  Tha  Naval  Command,  Control 
and  Ocean  Survalllanca  Cantar,  ROT6K 
Dlvlalon  (MRaD) ,  aollclted  advanced 
davalopaant  technology  propoaala  to 
aupport  tha  Alr-Koblla  Ground 
Security  Syataa  Program.  Tha  ailaalon 
of  tha  program  la  to  enhance  tha 
affactlvanaaa  of  rear-area  phyaical 
aacurity  and  force  protection  through 
extended  range  aurveillance,  area 
Intrualon  detection,  aaaeaamant  and 
Identification.  The  air-mobile 
platform  haa  demanding  requlrementa, 
auch  aa  vertical  takeoff  and  landing 
(VTOL) ,  ducted- fan  propulalon,  and 
autonoanua  operation. 

Flrat,  avaluatlona  were  made  of  the 
varloua  propoaala  aubatltted  of  an  air 
vehicle  deaigned  to  perform  the 
mlaalon.  From  the  inputa  of  the 
Principal  Inveatlgatora  and  membera 
on  the  NRaD  ataff ,  awarda  were  made 


to  three  contractora.  On-aite 
damonatrationa  followed,  with  field 
teata  of  tha  varloua  air  vahlclaa. 
Input  from  the  Principal  Inveati- 
gatora  waa  received  in  the  way  of 
oral  and  written  reporta.  An 
Important  laaue  of  concern  waa  the 
aenaor  auite  neceaaary  to  carry  out 
the  required  aUaalon.  A  atwly  waa 
parformed  of  optimal  blending  of  INS 
(Inertial  Navigation  Syatam)  and  OPS 
(Global  Poaltlonlng  Syatam) 
infonaation.  The  project  ia  expected 
to  continue  aa  the  program  aatvea  into 
Phaaa  II. 

TBKSI8  DISNCIND:  Marquia,  J.P.  Ill, 
I>T,  tJSN,  "Integration  of  Differen¬ 
tial  OPS  and  Inertial  Navigation 
Daing  a  Coa^lamantary  Kalman  Filter," 
Neater' a  Thaaia,  September  1993. 

OTHKR:  A  thaaia  project  la  underway 
determining  the  performance 
trade-offa  between  varloua 
ducted-fan,  aingle-  and  multi-rotor 
VTOI,  air  vahlclaa. 

DOD  KNT  TNCHNODOGT  AKBAi  Senaora. 

KKINOKDS;  Unmanned  Air  Vehicle,  UAV, 
Senaora,  VTOI,,  Ducted  Fan. 


22 


DEVKLOPioarr  n*  ^  TPftlWlliO  aid  for 
MRCTftTT  yiiTiiw  ar  Oiggi  « 


<•}  «l  .1^^ 


R.M.  Howmrd,  Aaaociata  Profaasor 
Dapartaant  o£  Aaronautica  and  Aatronautioa 
Sponaor  and  Funding t  Kaval  Air  Syatawi  Pn—nrl 


OBJBCTZVBi  Th«  goal  of  this  projact 
was  to  conduct  a  coaputar  analysis  of 
tha  aarodynaalc  Intarfaranca  batwaan 
dlsslailar  aircraft  flying  In  closa 
foraatlon,  and  to  produce  a  training 
vldao  frea  tha  coaputar  graphics  to 
aducata  flaat  aviators  In  tha  hazards 
of  foraatlon  flying. 

Saaounrt  During  an  In- flight 
aaargancy  such  as  an  unsafe 
landing-gear  Indication,  a  sacond 
aircraft  aay  ba  sent  aloft  for  a 
visual  Inspection.  Tha  Inherent 
danger  Involved  with  aircraft  flying 
In  close  proximity,  aspaclally 
aircraft  vary  dlssladlar  In  size  and 
wing  loading,  suiy  not  ba  sufficiently 
stressed  durlnt'  flight  safety 
training.  A  numerical  study  of  the 
aerodynasde  Interference  between  an 
F-14  and  a  T-34  aircraft  flying  In 
close  formation  was  conducted.  Two 
cases  were  treated:  one  with  the  T-34 
closing  vertically  on  the  F-14  from 
beneath,  and  the  second  with  the  T-34 
closing  horizontally  on  the  F-14  In  a 
step-down  position.  Oraphlcal  output 
consisted  of  plotted  streamlines, 
pitching  moments,  reduced  lift, 
elevator  angle  to  trim,  and  color 
plots  of  surface  pressures  on  the 
T-34  wing  and  tall.  It  was  found  that 
a  strong  nose -up  pitching  snment 
resulted  from  the  downwash 


from  the  larger  lead  aircraft.  This 
pitching  moment  was  co^q^led  with  a 
reduction  In  lift  duo  to  the  trailing 
aircraft's  location  on  the  pressure 
side  of  the  lead  aircraft.  As  a 
result,  the  pilot  would  have  the 
sensation  of  a  nose-\ip  pitching 
tendency  vdille  being  "pushed  away"  - 
conflicting  cues  for  the  pilot  as  the 
aircraft  close  to  within  a  wingspan 
distance.  An  understanding  of  the 
aero-dynamlc  Interference  and  the 
expected  lift  and  trim  changoa  by 
trained  fleet  aviators  should  help  to 
avoid  the  possibility  of  a  collision. 

THS8I8  DUUCTIDt  Porter,  D.B.,  IiCDR, 
USN,  "A  Muamrlcal  Study  of  Airplanes 
Flying  In  Proximity,"  Master's 
Thesis,  September  1993. 

OTBSRt  An  Important  product  of  this 
work  was  a  training  video  produced 
for  the  sponsor,  copies  of  idilch  will 
be  distributed  along  with  a  short 
report  to  the  various  fleet  aircraft 
training  commands  to  sivport  flight 
safety  training.  A  paper  has  been 
accepted  for  presentation  at  the  AZAA 
Atmospheric  Flight  Mechanics 
Conference . 

DOD  KMT  TMCMMOLOOr  AKMAi  Other. 

KRWOMDSt  Formation  Flying,  Panel 
Methods,  Flight  Training. 
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OajaCTZVBt  Th«  goal  of  thia  projaet 
waa  to  davalop  a  vartleal-takaoff- 
and- landing  USMannad  Air  Vahiela 
(UAV)  aa  a  taehnology  daaonatrator 
for  tlM  VTOXi  adaaion.  Tha  affort 
inoludad  airfraaa  daaign  and 
conatruction,  nodalling.  aiaulation, 
aanaor  and  datalink  intagration,  and 
taating.  Thia  la  an  ongoing  affort. 

SOMAKTt  Tha  currant  invan tory  of 
OAVa  lacka  a  suitabla  platform  abla 
to  naat  tha  ineraaaad  naad  for 
raal-tiaM  intalliganea  in  float 
oparationa  froai  aaall  aurfaeo 
coaAatanta.  Liadtad  ahipboard  aaaata 
and  launch' and- raeovary  ca^abilitiaa 
call  for  ayataaw  aamll  and  nora 
raadily  daployabla  than  currant 
ayataaw.  A  candidata  for  tha  VTOh 
niaaion  nuat  not  only  takaoff  and 
land  vartically«  but  alao  tranaition 
to  horizontal  flight  for  a  high  daah 
apaad  and  officiant  loitar 
capability.  Aaaata  froai  two  cancallod 
prograam  wara  caaA)inad  to  provida  a 
noval  airfraaw  concapt  for  tha 
vahiela.  Tha  Archytaa  air  vahiela  ia 
a  tailaittar  daaign,  with  a 
ductad-fan  propulalon  ayatam  for 
affielancy  and  aafoty,  and  with  winga 
and  a  canard  tall  aurfaea  for 
horlaontal  flight.  Tha  wing  apara 
joining  tha  winga  to  tha  alrfraaM 
wara  daalgnod,  toatod,  and 
fabrlcatad.  Prior  to  awklng  tha 
attaehnant,  thruat  and  torguo  toata 
wara  coaplatad  with  tha  ductad-fan 
unit.  A  aproad-apactrina  datalink 
ayatoai  waa  daalgnod  and  toatad  on  tha 
fixad-wlng  taatbod,  for  latar  uaa  on 
tha  Archytaa.  A  non-llnaar 
aix-dagrao-of-froadoai  (6-DOP)  notion 
modal,  along  with  aanaor  and  actuator 
aodala,  wara  davalopad  and  taatod 


with  an  aarodynamic  modal  of  tha 
hovaring  air  vahiela.  A  Kalman  filtar 
waa  davalopad  to  intagrata 
Difforantial  OPS  (OOPS)  and  an 
Xnartial  Maaauramant  Unit  (HUT)  for 
autoland  applieationa.  A  robuat 
Multi -Input  Multi -Output  (MZMO) 
controllor  waa  doalgnad  for  tha 
Archytaa  and  toatad  in 
hardwaro-in-tha-loop  aimulatlon. 
Continuad  work  la  loading  to  hovar 
toata  and  tha  piteh-ovar  manauvar. 

TJBSM8  DXSMCXMDt  Stonay,  R.B.,  ICM, 
OSH,  "Daaign,  Fabrication  and  Taat  of 
a  Vartlcal  Attltuda  Takaoff  and 
banding  Pnmannad  Air  Vahiela, " 
Knginaar'a  Thaala,  JUna  1993. 

Kaltanbargar,  B.R.,  LT,  OSH,  "RPV/DAV 
Survay  towarda  a  Lathal  OAV, " 
Maatar'a  Thoaia,  Saptambar  1993. 

Kuachanmaiatar,  O.R.,  CAPT,  OSMC,  "A 
Mon-Linaar  Simulation  for  an 
Autonoaoua  Pnmannad  Air  Vahiela," 
Maatar'a  Thaala,  Saptambar  1993. 

Margula,  C.H.  Ill,  LT,  OSH, 
"Intagration  of  Difforantial  OPS  and 
Inortlal  Navigation  Ualng  a 
Complomontary  Kalman  Piltar," 
Maatar'a  Thoaia,  Saptambar  1993. 

Fordham,  J.P.,  LT,  OSH,  "Daaign  and 
Nonta  Carlo  Analyaia  of  an  Ohmannad 
Aarial  Vahiela,"  Maatar'a  Thaala, 
Dacambar  1993. 

OOO  KHT  THCHHOLOOT  ARHAs  Sanaora. 

KHXMOMDSs  VTOL,  Ohmannad  Air 
Vahiela,  OAV,  Autoland,  Simulation, 
Sanaora . 
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H..O/H.,  mFHUTY  smimis  to  thb  PBSiqw  of 
BOBnar  TBAgrTHo  comoiAng  amp  BKiATm  tutot 
Z.I.  KsBlnar,  Jkaalatant  Profaaaor 
DapartMiit  of  Aaronautica  and  Aatromautica 
Sponaor  and  Fundings  Naval  Poatgraduata  School 


OaJBCTZVBt  Th«  ongoing  goal  of  this 
pro j act  la  to  Invastlgata  tha 
application  of  B_lnflnlty  and  mlxad 
B_two/B_lnf  Inlty  aynthoals  tachnlquaa 
to  tha  daalgn  of  robust  tracking 
controllers.  Purthamora,  should 
thara  ba  a  lack  of  thaoratlcal  tools 
naadad  to  acccapllsh  this  task,  such 
tools  will  ba  davalopad. 

Saaounri  in  tha  work  covarad  by  this 
proposal  wa  addrasaad  certain  Issues 
idilch  are  li^ortant  to  tha  daalgn  of 
control  aystaaa  for  coadoat  aircraft. 
In  particular,  wa  applied  recently 
dawalopad  robust  control  design 
■atbodologlas  to  synthesise  an 
autoawtlc  carrier  landing  controller 
for  r-14.  In  general  such 
controllers  are  designed  for  linear 
a»dals  of  tha  plant  around  a  nuid>ar 
of  ncadnal  operating  conditions.  It 
turns  out  that  for  a  certain  class  of 
nonlinear  plants  such  designs  result 
In  gain- scheduled  controllers.  The 
Issue  of  properly  inplasMntlng  such 
controllers  has  received  little 
attention  In  the  literature. 
Therefore,  we  are  In  the  process  of 
developing  a  methodology  to  properly 
design  and  Implement  gain-scheduled 
controllers  on  the  nonlinear  plants 
with  applications  to  sntlon  control 
of  rigid  bodies. 

PVBXiZCATIOBS  t  Kamlner,  I., 
Xhargonekar,  P.P.,  and  Rotea,  N.A. , 
"Mixed  B_two/B_lnflnlty  Control  for 
Discrete  Tima  SystasM  Via  Convex 
Optimisation,"  Automat lea,  Vol.  29, 
No.  1,  pp.  57-70,  1993. 

Rotea,  M.A.  and  Kasdnar,  I., 
"Qenerallsad  R_two/B_lnf  Inlty  Control 


of  Discrete-Time  Systeaw,"  In 
Proceedings  of  tha  1993  International 
Forum  on  Automatic  Control , " 
Melbourne,  Australia,  Vol.  5,  pp. 
239-243,  July  1993. 

Kaadnar,  I.,  Pascoal,  A.M., 
Khargonekar,  P.P.,  and  Thompson,  C., 
"A  Velocity  Algorithm  for  the  Imple¬ 
mentation  of  Nonlinear  Oaln- Scheduled 
Controllers,"  In  Proceedings  of  the 
Buropean  Control  Conference, 
Groningen,  Netherlands,  pp.  787-791, 
June  1993. 

Slvashankar,  N.,  Kamlner,  I.,  and 
Khargonekar,  P.P.,  "Optimal 
Controller  Synthesis  with 
D-stablllty, "  In  Proceedings  of  the 
Conference  on  Decision  and  Control, 
San  Antonio,  TX,  pp.  110-115,  1993. 

Kasdner,  I.,  Pascoal,  A.M., 
Khargonekar,  P.P.,  and  Sllvestra,  C., 
"A  Velocity  Algorithm  for  the  Imple¬ 
mentation  of  Gain-Scheduled 
Controllers  with  implications  to 
Rigid  Body  Notion  Control , "  In 
Proceedings  of  the  Conference  on 
Decision  and  Control,  pp.  1043-1048, 
1993. 

COMPBRNNCB  PRBSIHXATiaKS x  Kamlner, 
I.,  Pascoal,  A.M.,  Khargonekar,  P.P., 
and  Thompson,  C.,  "A  Velocity 
Algorithm  for  the  Implementation  of 
Nonlinear  Ga 1 n - S c he du 1 e d 
Controllers,"  Buropean  Control 
Conference,  Groningen,  Netherlands, 
June  1993. 

Slvashankar,  N.,  Kasdner,  I.,  and 
Khargonekar,  P.P.,  "Optimal 
Controller  Synthesis  with 
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D*  stability,  ■  Oeafsrsnes  on  Ooeiaioo 
and  Oentrol,  tan  Antonio,  TX,  lt91. 


Atttoawtion,  Otbar. 


Xaadnoa ,  X*,  baaooal , 

Xhaagonakar,  9.W.,  and  tilvoatro,  C., 
■A  Valoeity  Algoritlm  for  tbo  XMpla> 
nan tat ion  of  Qain-Sohadulad 
Oontrollara  with  Applioations  to 
Xigid  Body  Motion  Oontrol," 
Oonfaranea  on  Oaoiaion  and  Control, 
1993. 


BDRRMMt  rlifbt  Control  Byataaw, 
Cain- aohadnlad  Oontrollara,  Honlinoar 
control,  Kflbnst  Oentrol. 
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APVMKJn)  AVTOirrrf 
1. 1.  Kaainer,  Assistant  Professor 
Department  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  Haval  Air  Systeaui  Co^eand  -  AIR546TD 


OBJSCrxvS:  To  par  fora  raaaarch  and 

davalopeant  in  advancad  avlonlca 
taohnology  topics. 

sasnnnr:  in  tha  work  covarad  by  this 
pro j act  wa  addrassad  cartain  issuas 
which  ara  iaQ>ortant  for  tha  dasign  of 
avionics  systems  for  air  vahiclas.  In 
particular,  wa  investigated  tha 
applicability  of  various  sensor  and 
actuator  failure  detection  and 
isolation  techniques  (roi)  to  the 
failure  detection  and  isolation 
problem  in  a  closa  ranga  aircraft. 
Next,  wa  developed  a  differential 
OPS/IMS  navigation  system  to  be  used 
by  tha  aircraft  waypoint  guidance 
system.  Finally,  in  order  to 
facilitate  proper  development  and 
testing  of  the  above  systems  we 
developed  a  high  fidelity  six  degree 
of  freedom  nonlinear  modal  of  the 
close  range  aircraft  and  built  a 
real-time  hardware-in- the-loop 
simulation  station. 

TBBSSS  DHOCRD:  Marquis,  Carl  N., 
■Integration  of  Differential  GPS  and 
Inertial  Navigation  Using  Caiiq;>le- 
mentary  Kalman  Filter,"  Master's 
Thesis,  September  1993. 


Kuechenmeister,  David  R.,  ■Nonlinear 
Slsnilatlon  for  an  Autonomous  Unmanned 
Air  Vehicle,"  Master's  TImsIs, 
September  1993. 

Levesque,  Mario,  J.L.,  "Fault 
Detection  and  Isolation  for  Bluebird 
Testbed  Aircraft,"  Master's  Thesis, 
December  1993 . 

Oi'HRH:  The  investigator  supported  a 
visit  by  Dr.  N.  Sivashankar .  The  work 
done  during  this  visit  is  susswrlsed 
in  the  following  technical  report: 
"Design,  isplamentation  and  hardware- 
in-the-loop  tasting  of  MIMO 
controller  using  H_lnf Inlty  synthesis 
for  a  VTOL  aircraft." 

DOD  XR  TBCHaOLOOT  ARSA:  Design 
Automation . 

KNXNORDS:  Navigation,  Filtering, 
Simulation,  Sensor  Failure  Detection 
and  Isolation. 
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O.H.  Lindsvy,  Profassor 
Daparfant  of  JLaraaautica  and  Jkatronautica 
Sponsor  and  Funding:  Naval  JULr  Systasw  Coanand. 
Structuras  Branch  (Coda  5302) 


(MOSCTIVI:  This  work  sncompsssss 
collsctlng  and  doeimantlng  datalls  of 
tha  Naval  Air  Syataas  Cosanand's 
Aircraft  Structural  Lifa  Survaillanca 
(ASLS)  Program  and  transforming  that 
information  into  educational 
materials  for  use  in  AA  3202, 
Aircraft  Structural  Patlqua  and 
Fracture . 


saanSTi  one  of  the  customary 
payback  tours  for  officers  cospleting 
the  610  currlculina  is  the  Naval  Air 
Systems  Command.  Many  who  receive 
these  assignsienta  will  work  directly 
on,  or  interact  closely  with,  the 
ASLS  program.  It  is  crucial  that  all 
who  so  interface  have  a  good 
understanding  of  how  the  service  life 
of  aircraft  are  established,  tracked, 
assessed,  and  extended,  and  the 
theoretical  basis  for  each  aspect. 
Two  years  ago,  NFS  Introduced  course 
devoted  to  aircraft  structural 
fatigue  and  fracture  into  the 
Aeronautical  Engineering  Currlcultm. 
This  reimbursable  project  was 
undertaken  to  better  prepare  officers 
for  assignsients  at  NAVAZR  by 
incorporating  into  classical  aircraft 
fatigue  theory  and  practice,  the 
specific  programs  developed  by  the 
Navy  to  manage  its  large  and  varied 
fleet  of  aircraft  and  helicopters. 
The  work  was  accosiplished  by  on-site 
visits  to  the  Structures  Branch  of 
the  Air  Vehicle  Division  to  collect 
information  from  personal  interviews 
and  written  reports.  This 

information  was  sifted  and  organized 
into  written  auid  visual  classroom 
materials  for  use  at  NPS.  The 
syllabus  of  the  course  was  completely 
rewritten  to  Incorporate  the  new 
material  while  balancing  theory  and 


practice.  The  new  course  was  taught 
Pall  Quarter,  1993.  Corrections  and 
revisions  are  now  being  made  to 
refine  the  syllabus  in  preparation 
for  the  next  presentation  of  the 
course  beginning  March,  1994. 

OTMUt:  Nine  ■Readings"  Papers  were 
prepared  by  abstracting  materials 
from  a  variety  of  sources.  These 
papers  were  printed  and  distributed 
to  the  class  and  comprised  a  portion 
of  tha  study  sMterialst 

Reading  I:  Naval  Aircraft  Structural 
Integrity  Program  (NASIP) ,  Abstracted 
from  NADC  Report  87089-60,  28  October 
1993. 

Reading  lit  Plight  Loads  Diagrams, 
Abstracted  from  MIL-SPBC  8860B,  29 
SeptaMbar  1993. 

Reading  III:  External  Plight  Loads, 
Abstracted  from  loads  manual  of 
Airfrasw  Contractor. 

Reading  IV:  Generating  a  Fatigue 
Spectrum  for  P/A-18  E,P,  Abstracted 
from  McDonnell  Report  92B0312,  6 
October  1993. 

Reading  V:  Navy  Aircraft  Design  6 
Certification  Philosophy,  Paper 
presented  at  the  International 
Conference  on  Aircraft  Daswge 
Assessment  6  Repair,  20  October  1993. 

Reading  VI :  Theories  of  Static 
Yielding,  a  review  paper  summarizing 
current  knowledge,  25  October  1993. 

Reading  VII:  Static  Strength 
Theories,  a  review  paper  summarizing 
current  knowledge,  1  November  1993. 
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Handing  VXZIt  rull  Soal*  Ground 
Tostn*  Jibntrnetod  froa  MZZi-8PlC-A- 
•8C7C,  29  Movuiri^r  1993. 

Konding  IXi  Aircraft  8truetural  itlfa 
8ttrvolllaaoa  Progran,  Abatraetad  froa 
MADC  Raport  87089-60,  6  Dacaabar 

1993. 


Othar. 


OlgOPM*  Aircraft  Patlqua 
8tructural,  Xatagrity  Patigua 
Tracking. 
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COMBOSTTOM  WTOl^VTOR  IM  AIRBREATOHin  MTSgTT.M 
O.W.  Netser,  Professor 
DepartMsnt  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  Naval  Air  Warfare  Center, 
Weapons  Division 


OBJTCTXVSS:  To  (1)  upgrad*  th« 
MICROPBP  ••rothanaochamlcal  coda  to 
Incraaaa  utility  for  airbraathing 
applications,  (2)  corralata  bypass 
air  axparinantal  rasults  with  C7D 
coda  pradictions  to  axplain  tha 
affacts  of  bypass  dunp  momantum  on 
coabustion  afficiancy,  (3)  avaluata 
ultrasonic  atoioizors  for  iiq>rovad 
atoadzation  and  coabustion  afficiancy 
of  gallad  slurry  fuals,  (4)  davalop 
an  axpariaiantal  apparatus  that  can  ba 
usad  for  avaluation  of  ignition  and 
coabustion  charactaristlcs  of  aatal 
and  liquid  fuals  and  (S)  avaluata  tha 
affact  of  fual  in j action  location  and 
slda-duflc>  configurations  on  coabustor 
fual  distribution. 

SmODUtT:  Tha  NICROPBP  coda  was 
zKJdlfiad  to  allow  calculation  of  tha 
affacts  of  non-ldaal  expansion  and 
alxad  shifting  equilibriua- frozen 
coapositlon  flow  on  parforaanca. 
Vitiated  air  was  Incorporated  as  wall 
as  tha  calculation  of  combustor  Mach 
number  and  stagnation  prassura  for 
airbraathing  anginas.  A  3-0  modal  of 
tha  flow  in  the  aft-burnar  of  a  B4C 
fueled  solid  fuel  ramjet  motor  was 
developed  and  solvad  numerically. 
Low  bypass  dujiq>  momentum  was  shown  to 
increase  combustion  efficiency 
(observad  axparlziantally)  through  tha 
reduction  of  particle 
collision/ extinguishment  with  the 
ziotor  walls.  Ultrasonic  and  air- 
blast  atomizers  were  evaluated  for 
droplet  distributions  and  combustion 
afficiancy  in  a  center-dusq>  ramjet 
combustor.  Ultrasonic  atomization 
was  found  to  ba  superior  for  the 
gelled  slurry  fuel.  An  apparatus  was 
designed  and  fabricated  for 
daterztinlng  ignition  and  combustion 


characteristics  of  ziatallic  fuel 
particles  and  liquid  fual  droplets. 
It  consisted  of  a  small  windowed 
combustion  bomb,  a  CO2  laser  for 
ignition,  a  thermal  imaging  camera 
for  recording  tha  ignition  process 
and  a  phase -Doppler  particle  analyzer 
for  ziaasuring  tha  particle  size.  A 
water  tunnel  was  usad  with  laser 
sheet  illumination  to  detazmina  that 
combustor  dosia  lengths  between  0.3 ID 
and  1.4D  are  required  for  obtaining 
good  fuel  distribution  in  tha  flasM 
stabilization  region.  Optimum  inlet 
dump  fuel  injection  locations  were 
also  identified. 

PUBLICakTIOHS:  Angus,  N.J.,  Mitt, 
M.A.,  Laredo,  D.,  and  Netzer,  D.W., 
"Solid  Fuel  Supersonic  Combustion, ■ 
La  Rechef che  Aerospatiale.  1993-6, 
pp.  1-8,  Movamber-Decambar  1993. 

Angus,  H.J.,  Mitt,  M.A. ,  Laredo,  D., 
and  Netzer,  D.N.,  "Solid  Fuel 
Supersonic  Combustion,"  in 
Proceedings  of  the  29^^  JAMNAF 
Combustion  Subcozzaittee  Meeting,  CPXA 
Pub.  593,  Vol.  II,  pp.  47-57,  October 
1992. 

THBSBS  DIBBCTBD:  Mcstee,  A.M. , 
"Adaptations  to  "MICROPBP"  and 
"ROCKBT"  to  Allow  Performance 
Bvaluation  of  Multiple  Grain  and/pr 
Airbraathing  Motors,"  Master's 
Thesis,  June  1993. 

Gulalcowski,  S.,  "An  Apparatus  for 
Measurezient  of  Ignition  and  Burning 
Characteristics  of  Metallic 
Particles,"  Master's  Thesis, 
September  1993. 

Salyer,  R.F.,  "Flow  Visualization  and 
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Bxp«rlm«ntal  Optimization  o£  Thraa  KRIKXRDS:  Raajot  Conbustion,  Sida 

Inlat-Sida-Dunqp  Liquid-Fual  Ramjat  Dump  Combustor,  Fual - In j action, 

combustors,"  Hastar's  Thasis, 

Saptambar  1993. 

SOD  DT  TSCBHOIOCT  ARRR:  Propulsion 
and  Bnargy  Convarsion. 


MKASURBMEliTS  OF  PARTICOIATR  AMD  PT.Iime  CTRPRmtPTSTICS  IN  SOLID 
AND  LIQUID  PBnPWT.TAMT  pnrrRT  MQTORfl 
D.W.  Netxer,  Professor 
Department  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  Air  Force  Phillips  Laboratory 


OBJBCnVKS:  To  (1)  usa  a  quanchad 
and  non-quanched  subscala  motor  with 
multipla  diagnostic  techniques  to 
measure  across -motor  and  across- 
nozzla  particle  size  distribution 
changes  for  AI2O3,  (2)  usa  secondary 
gasaous  injection  to  determine  if 
combustor  gas  conposition  changes  can 
effect  the  optical  properties  of 
exhaust  AI2O3,  (3)  validate  the 
ensemble  particle  sizer  for  use  in 
the  motor  and  plume  environments  by 
using  control  propellants,  (4) 
determine  the  universality  of  plume 
edge  particle  size  and  optical 
properties  and  (5)  demonstrate  the 
use  of  a  multiple -wavelength 
extinction  apparatus  for  measurement 
of  soot  size  and  optical  properties 
in  liquid  motor  plumes. 

SUmiRRT:  GSood  agreement  was  found 
between  the  particle  sizes  measured 
in  the  motor  and  plume  using  a 
Malvern  (ensemble)  particle  sizer,  an 
absolute  intensity  single  particle 
analyzer  and  scanning  electron 
microscope  examination  of  particles 
collected  on  an  lnq>act  probe  and  on 
the  motor  walls.  A  significant 
reduction  in  particle  mean  size  with 
a  reduction  in  the  mass  of  particles 
less  than  two  microns  in  diameter 
occurred  from  the  propellant  surface 


to  the  nozzle  entrance.  Particle 
breakup  dominated  in  the  converging 
nozzle  section,  but  significant 
collision  coalescence  occurred  in  the 
nozzle  divergence.  The  swan  size  and 
optical  properties  of  AI2O3  in  the 
plume  edge  were  found  to  be 
Independent  of  propellant 
composition,  motor  operating 
conditions  and  nozzle  geoMtry.  Use 
of  the  phase-Dopplar  particle 
analyzer  and  the  control  propellants 
for  Malvern  validation  wore  not 
accoopllshed  until  the  first  quarter 
of  FY94  due  to  delays  in  receipt  of 
the  Instruzient  and  propellants. 
Changes  in  nozzle  expansion  ratio 
were  found  to  affect  the  strengths 
and  locations  of  the  Mach  disks  and 
the  mixing  rates  with  the  atziosphere 
(afterburning) ,  but  not  the  plusM 
particle  size  distribution. 
Comparisons  of  the  experlziental  data 
with  predictions  from  the  SPF- 
ZIIR/SIRRM-II  codes  were  ziade. 
Secondary  gaseous  injection  into  the 
combustion  chaziber  at  5%  by  weight 
was  found  to  produce  insignificant 
changes  in  alumina  emlsslvlty  and 
pluBie  IR  signature.  A  multiple- 
wavelength  extinction  apparatus  was 
fabricated  for  measuring  soot  size 
and  optical  properties  in  pluses. 
Initial  validations  ware  conducted 
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PQBUCATKmS :  Laredo,  D.  and  Notzar, 
D.W.,  "The  Dominant  Effect  of  Alumina 
on  Nearfield  Plume  Radiation, " 
Journal  of  Quantitative  Spectroecopy 
and  Radiative  Transfer.  Vol.  50,  No. 
5,  pp.  511-530,  1993. 

Kim,  H.-O.,  Laredo,  D.,  and  Netzar, 
D.W.,  "Measurement  of  Submlcrometar 
Al^Oj  Particles  in  Plumes,"  Applied 
Optics.  Vol.  32,  No.  33,  pp.  6834- 
6840,  November  1993. 

Laredo,  D.,  McCrorie,  J.D.,  II, 
Vaughn,  J.K.,  Kim,  H.-O.,  and  Netzer, 
D.W.,  "Plume  Particle  Size 
Distribution  and  Optical  Properties," 
in  Proceedings  of  the  20*^^  JANNAF 
Exhaust  Plume  Technology  Subcoznaittee 
Meeting,  Kirtland  APB,  MM,  Vol.  I, 
pp.  407-427,  February  1993. 

THESES  DIRECTED:  McCrorie  II,  J.D., 
"Particle  Behavior  in  Solid 
Propellant  Rocket  Motors  and  Plumes," 
Master's  Thesis,  December  1992. 


Vaughn,  J.K.,  "Meas\iroment  of  Sub- 
Micron  AI2O3  Particles  in  Rocket 
PluxMS,"  Master's  Thesis,  December 

1992. 

Yi,  C.M.,  "Effects  of  Nozzle 
Expansion  Ratio  on  Aluminized  Solid 
Propellant  Rocket  Motor  Plume 
Signatxira,"  Engineer's  Thesis,  June 

1993. 

Taylor,  K.B.,  "Dual-Beam  Multiple- 
Navelangth  Light  Transmittance 
Measurement  for  Particle  Sizing  in 
Rocket  Motor  Plinzes,"  Master's 
Thesis,  June  1993. 

Roddenberry,  D.S.,  "Additive  Gas 
Effects  on  Solid  Propellant  Rocket 
Motor  Plums  IR  Signature,"  Master's 
Thesis,  June  1993. 

DOD  KEY  TBCBMOLOOr  AREA:  Propulsion 
and  Energy  Conversion. 

KEYNORDS:  Rocket  PluzM  Signature, 
Particulate  Measurements. 


32 


DYNMgC  LIFT  STDDIBS  FOR  KHHMiCKD  FICajIgR  MM 


MOBILITY 


M.F.  Platzer,  Profesaor 
S.K.  Hebbar,  Resaarch  Jkaaociate  Profaasor 
J.A.  Bkatariaarls,  Reaaarch  Asaoclata  Profaasor 
Dapartaant  of  Aaronautics  and  Aatromautica 
Sponsor  and  Funding:  Naval  Air  Narfara  Cantar, 
Aircraft  Oiviaion,  Johnsvilla,  PA 


OSjaCTIVB:  Identify  prcoilslng 
aethods  for  the  generation  and 
exploitation  of  dynamic  lift  In  order 
to  achieve  enhanced  fighter  aircraft 
maneuverability.  To  this  end,  perform 
detailed  experimental  studies  on 
double  delta  wings  and  cosvlete 
aircraft  configurations  In  dynamic 
motion  and  obtain  cosqtutatlonal 
solutions  for  steady  and  unsteady 
high  angle  of  attack  wing  flows. 

SCMOkRT:  Water  tunnel  studies  were 
conducted  to  determine  the  following 
effects:  a)  pitch  rata/sldesllp 
affects  on  leading-edge  extension 
vortices  of  an  F/A-18  aircraft  model, 
b)  dynaailc  effects  during  side¬ 
slipping  of  a  canard-configured 
fighter  model,  c)  the  effect  of 
canard  oscillations  on  the  vortical 
flow  development,  d)  the  affect  of 
fillets  on  the  vortex  development 
over  double-delta  wings.  Also, 
computational  solutions  were  obtained 
for  the  vortical  flow  field  and  the 
vortex  breakdown  phenomenon  on  high 
angle  of  attack  wing  flows. 

POBUCATiailS:  Rebbar,  S.K.,  Platzer, 
M.F.,  emd  Kwon,  H.M. ,  "Vortex 
Breakdown  Studies  of  a  Canard- 
Configured  X-31A-Like  Fighter 
Aircraft  Model,"  Journal  of  Aircraft. 
Vol.  30,  Ho. 3,  pp.  405-408,  May-June 
1993. 


Rkaterinaris,  J.A.  and  Schiff,  L.B., 
"HusMrical  Prediction  of  Vortical 
Flow  over  Slender  Delta  Wings," 
Journal  of  Aircraft.  Vol.  30,  Mb.  6, 
pp.  935-942,  1993. 

OOHFRRBMCB  PSKSBrnUrZOKSt  Frink,  W. , 
Habbar,  S.K.,  and  Platzar,  M.F., 
"Vortex  Wake  Investigation  of  a  Twin- 
tail  Fighter  Aircraft  Model  at  High 
Angles  of  Attack  with  and  without  LIZ 
Fences,"  AIAA  paper  93-0868,  31st 
Aerospace  Sciences  Meeting,  Reno,  MV, 
11-14  January  1993. 

Habbar,  S.K.,  Platzar,  M.F.,  and  Zil, 
F.H.,  "A  Visualization  Study  of  the 
Vortical  Flow  over  a  Double-Delta 
Wing  in  Dynamic  Motion, "  AIAA  paper 
93-3425,  11th  Spiled  Aerodynamics 
Conference,  Monterey,  CA,  9-11  August 
1993. 

Rebbar,  S.X.,  Platzar,  M.F.,  and  Liu, 
D.M. ,  "Effect  of  Canard  Oscillations 
on  the  Vortical  Flowfield  of  a  Z-31A- 
Like  Fighter  Modal , "  AIAA  paper  93 - 
3427,  11th  AIAA  Applied  Aarodynaad.cs 
Conference,  Monterey,  CA,  9-11  August 
1993. 

OaO  RET  TBCHHOLOOr  ARMA:  Other. 

EXZWDRD8:  Aircraft  Aarodynaailcs , 
Vertical  Flows. 
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AlKCatAFT  AMD  JET  gWOIHE  IMSTEADY  VLtm  mMPnTATTQMS 
M.F.  Platzer,  Professor 

J.A.  Ekatarlnarls,  Research  Associate  Professor 
D^artaent  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  Nhval  Air  Systeas  Coanand 


OBjaciXVSt  D*v*lop  conputatlonal 
Mthods  and  obtain  computational 
Bolutiona  for  ataady  and  unataady 
flowa  over  fightar  aircraft 
configurationa  and  halicoptar  bladaa 
at  high  anglaa  of  attack  and  through 
jot  angina  conpraaaora  and  turbinaa. 

snsnutr:  Potantial  flow,  viacoua- 
inviacid  intaraction  and  conpraaaibla 
Naviar-Stokoa  cooputationa  wara 
cooplotod  to  atudy  tha  dynaadc  atall 
charactoriaticB  of  oacillating  and 
rapidly  pitching  airfolla  and  tha 
intaraction  af facta  batwoan  airfoila. 
Alao,  Haviar-Stokaa  aolutiona  wore 
obtained  for  aubaonic  flow  ovar 
canard-wing  configurationa  at  high 
anglaa  of  attack. 

FOBUCMflOSa:  Cabacl,  Plataar,  M.P., 
Jang,  H.M.,  and  Chan,  H.H.,  "A 
Vlacoua  Inviacld  Interaction  Approach 
to  tha  Calculation  of  Dynamic  Stall 
Initiation  on  Airfoila,  ”  ASMS  Journal 
of  Turboamchinarv.  Vol.  115,  pp.  714- 
723,  October  1993. 

Plataar,  M.F.,  Naaca,  K.S.,  and  Pang, 
C.K.,  "Aerodynamic  Analyaia  of 
Flapping  Wing  Propulaion,  ■  AlAA  paper 
93-0484,  31at  Aaroapace  Sclancaa 
Meeting,  Rano,  MV,  11-14  January 
1993. 

Bkatorlnarla,  J.A.  and  Platzar,  N.F., 


"Coaputational  Invoatigatlon  of 
unataady  Beat  Tranafar  on  Oacillating 
Airfoila,"  in  Procaadlnga  of  tha 
11th  National  Heat  Tranafar  Congraaa, 
Milano,  Italy,  pp.  353-363,  24-26 
June  1993. 

Clarkaon,  J.D.,  Bkatorlnarla,  J.A., 
and  Platzar,  M.F.,  "Computational 
Invaatigatlon  of  Airfoil  Stall 
Flutter, "  in  Procaadlnga  of  tha  6th 
International  Syapoaium  on  Uhataady 
Aarodynazilca ,  Aaroacouatlca  and 
Aaroalaaticity  of  Turbomachlnaa  and 
Propallora,  Springer  Vorlag,  pp.  415- 
432,  1993. 

TBBSBS  DIBBCTBD:  Riaatar,  P.J.,  "A 
Computational  and  B:qparlmantal 
Invoatigatlon  of  Inccmpraaaibla 
Oacillatory  Airfoil  Flow  and  Flutter 
ProbloM,"  Maatar'a  Thaaia,  Juno 
1993. 

Johnaton,  T.A.,  "Computational 
Invaatigatlon  of  tha  Compraaaibla 
Dynamic  Stall  Charactarlatlca  of  tha 
Sikoraky  SSC-A09  Airfoil,"  Maatar'a 
Thaaia,  Saptambar  1993 

DOD  BBT  TBCHHOL06T  ABBA:  Other. 

BBTWUKUS:  Aircraft  Aorodynaadca, 
Computational  Fluid  Dynamlca, 
Turbomachlnary  Aarodynamica . 
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FWy  QVgy  iCSglLB  gqwrxgro^TXWg  AT  BTgB  fflglPMta 

M.F.  Platx«r,  Professor 

J.K.  Bkaterinaris.  Research  Associate  Professor 
S.K.  Hebbar,  Research  Associate  Professor 
Departaeat  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  Mhval  Air  Warfare  Center,  Weapons  Division 


(nJSCTXVS:  Develop  Navler-Stokee 
aolutlone  for  the  vortical  flow  over 
complete  missile  configurations  in 
steady  or  maneuvering  high  angle  of 
attack  flight. 

SUMmun’:  Navler- Stokes  computations 
were  conq;>letod  for  subsonic  flow  over 
a  close-coupled  canard-wing 
configuration  for  which  extensive 
experlsMntal  data  are  available  for 
comparison.  Also,  Naviar-Stokes 
solutions  were  obtained  for  subsonic 
flow  over  a  representative  missile 
configuration  at  high  angle  of 
attack.  In  addition,  a  new  viscous - 
Invlscld  interaction  method  was 
developed  for  two-dimensional 
unsteady  compressible  airfoil  flows. 
Also,  force  and  moment  data  were 
acquired  on  a  KAWC-deslgned  sklsslle. 

OOHRRBMCB  ntXSBRATiaUS :  Platzer, 
M.F.,  Kkaterlnaris ,  J.A.,  and 
Chandrasekhara ,  M .  S .  "Computational 
ud  Experimental  Investigations  of 
Airfoil  Leadlng-Bdge  Separation 
Biibbles,”  Bndstage  Transition 
Workshop,  Syracuse  XThiversity,  16-17 
August  1993. 


Tuncer,  I.H.,  Bkaterlnarls,  J.A.,  and 
Platxer,  M.F.,  "A  Viscous -Invlscld 
Interaction  Method  for  2-D  Ubsteady 
Compressible  Flows,"  AIAA  paper  93- 
3019,  24  th  AIAA  Fluid  Dynamics 
Conference,  Monterey,  CA,  9-11  August 
1993. 

Smith,  B.H.,  Bebbar,  S.K.,  and 
Platzer,  M.F.,  "Aerodynamic 
Characteristics  of  a  Canard- 
Controlled  Missile  at  High  Anglos  of 
Attack,  AIAA  paper  93-0763,  31st 
Aerospace  Sciences  Meeting,  Reno,  MV, 
11-14  January  1993. 

SsUth,  B.H.,  Hebbar,  S.K.,  Platzer, 
M.F.,  and  Salazar,  M.,  "Aerodynamic 
Characteristics  of  the  MMPT  ATD 
Vehicle  at  High  Angles  of  Attack, " 
AIAA  paper  93-3493,  11th  Applied 
Aerodynamics  Conference,  Monterey, 
CA,  9-11  August  1993. 

DOD  BBT  TBCBMObOOr  AREA:  Other. 

KBIWORDSt  Missile  Ao  dynamics. 
Vertical  Flows,  Computational  Fluid 
Dynamics. 
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moDTHMiTca  ow  nggTT.TATTMa  navicgs  AS  I.IFT  AUGMarrOM 

M.F.  Platx«r«  Professor 
S.K.  Hd3bar«  Research  Associate  Professor 
Departaent  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding:  NAval  Air  Systens  Connand 


OSJSCTXVBi  Znvaatlgat*  th«  unataady 
flow  phyaiea  of  aniltl-alaaent 
alrfolla  for  potantlal  application  to 
anhanca  tha  aarodynaaUc  parformanca 
eharaetarlatica  of  aircraft. 

Saaounr:  An  aarodynaalc  analyala  of 
flapping  alrfolla  and  airfoil 
conbinatlona  waa  conplatad  which 
daeonatratad  tha  Katzinayr  affact  of 
producing  a  forward  thruat  duo  to 
flapping.  Furthomora,  It  waa  ahown 
that  thara  axlat  condltlona  of 
favorabla  intarfaranco  batwaon  two 
flapping  alrfolla  which  anhanca  thla 
propulalva  affact.  Flow  vlauallsatlon 
atudlaa  wara  conplatad  In  two  wind 
ttuinala  which  daaonatratad  tha 
propulalva  vortax  ahadding  from 
flapping  alrfolla. 

OOSFSBSSCS  PRKSnRATXOMSi  Platzar, 
M.F.,  Naaca,  K.S.,  and  Pang,  C.K., 


"Aarodynaalc  Analyala  of  Flapping 
Wing  Propulalon,"  AIAA  papar  93-04S4, 
31at  Aaroapaca  Scianoaa  Maatlng, 
Rano,  MV,  11-14  January  1993. 

Wood,  R.R.,  Platzar,  M.F.,  Abourahna, 
A.,  and  Couch,  M.A.,  "On  tha 
nnataady  Aarodynaadca  of  Highar 
Hamonic  Control,"  Papar  Ho.  C17, 
Minataonth  Ruropaan  Rotorcraf  t  Forum, 
Camobblo,  Italy,  Soptambar  1993. 

TBRSIS  DIRMCTIDt  Rlaator,  P.J.,  "A 
Coaputatlonal  and  RxparizMntal 
Invaatigatlon  of  Zncompraaalbla 
Oaclllatory  Airfoil  and  Fluttar 
Problama,"  Maatar'a  Thaals,  Juna 
1993. 

KKT  TMCBSaicer  ARMAt  Othar. 

nziKXRDS:  Aircraft  Aaro^j^nazdcs , 
Unatoady  Aorodynaadca . 
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HC  SPACE  TKAJMCTOMT 
I.M.  Soaa,  JUisiatant  Profaaaor 
Dapartaant  of  JLaronautica  and  Aatronautloa 
Sponaor  and  Funding:  Kaval  Poatgraduata  School  (KIP  PrograaO 


OBJncnvat  Tiil«  project  waa  (and 
contlnuaa  to  ba)  aiaad  at 
Invastlgatlng  thraa  problaas:  (1) 
optiaality  of  alngular  trajaetorlaa 
(2)  davalopaant  of  a  naw  aynargatie 
orbital  plana-ebanga  aanauvar  and  (3) 
analyaia  of  uneontrollad  aatallita 
ra- entry  and  lapaet  prediction 
a»dala. 

SOaOkaXt  rlrat-ordar  alngular  area 
for  a  low-larth-orbltlng  apaeacraft 
ware  derived  and  axpraaaad  In  atata 
variable  feedback  form.  A  forced 
Kaplarlan  trajectory  waa  ahown  to  ba 
non-optlmal  In  the  Mayer  aenae  and 
hence  orbit  maintenance  fuel¬ 
budgeting  waa  gueatloned.  Thla  lead 
to  an  enargy-manageaMnt  guidance 
algorithm  whoae  detalla  are  currently 
being  worked  out.  In  addition,  the 
"aerobang  maneuver"  waa  further 
developed  to  the  point  of  ahowlng  Ita 
auperlorlty  over  the  atorm  traditional 
aerocrulae  maneuver.  The  fuel- 
optimallty  of  the  total  aynargatie 
maneuver  la  atlll  under 
Inveatlgatlon .  Finally,  a  theala 
directed  on  a  ccovrehenaiva 
literature  review  of  uncontrolled 
aatallita  re-entry  and  liq;>act 
prediction  mdala  waa  wall  received 
at  the  Air  Force  Space  Command  at 
Falcon  (AFSPACXCOM)  and  a  "ateerlng 
caaad.tteo"  la  being  formed  to  puraue 
a  joint  reaearch  venture  idioae 
detalla  will  ba  outlined  In  the 
coming  weeka. 

FOBLICATIOMSi  Roaa,  I.M.  and  Melton, 
R.O.,  "Singular  Area  for  Blunt 
Bndoatmoapharlc  vehicle,"  The  Journal 
of  the  Aatronautlcal  Sclencea.  Vol . 
41,  Mb.  1,  pp.  35-51,  January  -  March 
1993. 


Roaa,  I.M. ,  "Mutational  Stability  and 
Core  Inergy  of  a  Quaai- rigid 
Oyroatat, "  Journal  of 
control  ar^  vol.  1«,  Mb.  4, 

pp.  S41-647,  July  -  Auguat  1993. 

M. ,  "Optlamlly  Pointed  Singular 
Thruat-Lawa  for  Monliftlng 
Spacecraft,"  AAS  Paper  •  93-498, 

AAS/AIAA  Aatrodynaadea  Conference, 
Victoria,  B.C.,  Canada,  18-19  Auguat 
1993. 

Roaa,  I.M.,  "An  Alternative  Stability 
Condition  for  Dual-Spin  Spacecraft," 
AAS  Paper  #93-611,  AAS/AIAA 
Aatrodynaadea  Conference,  Victoria, 
B.C.,  Canada,  16-19  Auguat  1993. 

THMSMS  DIRMCTMD:  Hacker,  M.  A., 

LCDR,  nSM,  "An  Bxpert  Syatam  for 
Proeeaaing  uncorrelated  Satellite 
Tracka,"  Maater'a  Theala,  December 

1992. 

Mllaey,  M.  S.,  LCDR,  DSM,  "A 
Parametric  Analyaia  of 
Bndoatawapherlc  Low- Barth -Orbit 
Maintenance,"  Maater'a  Theala,  March 

1993. 

Johnaon,  R.B.,  LT,  USM,  "Bf facta  of 
Thruat  Vector  Control  on  the 
Performance  of  the  Aerobang  Orbital 
Plane  Change  Maneuver,"  Maater'a 
Theala,  June  1993. 

Handeraon,  W.K.,  LT,  DSM  and 
Meuenfeldt,  B.D.,  LCDR,  USM,  "A 
Survey  of  uncontrollod  Satellite 
Reentry  and  Impact  Predlctlona, " 
Maater'a  Theala,  September  1993 
(joint  theala) . 
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onUHli  tiM  lBT«atigator  is  working 
on  tho  following  fertheoadng 
g«^lle«tlonai 

Xooa«  Z.M. ,  Paula.  O.D.«  and  wllaoy. 
M.g.,  "gtllity  of  Foread  Kaplarlan 
Trajaetmriaa  in  Low-garth-OiAit 
Malatonaaea.*  AZAk/AkS  Ppaea  Fli|^t 
Maehaaioa  Mooting*  Oeeoa  Aoaeh.  FL. 
14-lC  Fobruaxy  19»4. 


9omm,  Z.M. .  "A  Foxnulation  of 
Stability  Conditiona  for  Syatana 
Containing  OriYon  Kotora**  aubnittod 
to  tba  e%*  au4A»w,^^.  Control 


SSZMOMDSi  Singular  Area*  Inw-Sartb- 
Oxhtt  Malntananea,  Aaroaaaiatad 
Manouvora,  Trajaetory  Optiadsation. 
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c  FAN  c&sc^  «  wnLxnaiam 

R.P.  Sbxmmv,  Profauor 
I>«p«rtMuit  o£  Aieronautlc*  und  Astronaution 
Sponsor  and  Fundings  Naval  Air  Warfare  Center, 
Aircraft  Division  (Trenton) 


OBJSCnvSi  To  dovolop  tho  — na  to 
•valuato  blada  gaoeatry  affaeta  and 
ahoek -boundary  layar  Intaraetlon 
aaparatlon- control  davicaa  in  a  fan- 
paasaga  aieulatlon  nodal.  Thla  ia  a 
nacaaaary  atap  in  tha  davalopnant  of 
aora  afflclant,  lightar  waight  fana 
for  adlltary  aircraft. 

SOSBUnr:  K  pilot  fan-paaaaga 
aiaulatlon  nodal  haa  baan  built  and 
oparatad  in  a  anall,  Mai. 4  blow-down 
caacada  wind  tunnal  aqulppad  with 
both  Inlat  and  back  praaaura  control 
valvaa.  Inatrunantation  Includaa  300 
praaaura  tapa  ovar  tha  lowar  blada 
aactlon  aurfaca  and  and  walla,  a 
pitot  aiurvay  proba  downatraan  of  tha 
blading  and  ahadowgraph-vidao 
photography.  Plow  incldanca  can  ba 
variad  through  nodal  rotation.  Taata 
hawa  concantratad  firat  on  obtaining 
two-diaMnaional  and  parlodic  flow 
condltlona  in  two  blada  paaaagaa  with 
nomal  ahocka  in  thalr  daalgn 
poaltion,  and  obtaining  rapaatability 
in  loaa  and  atatlc  praaaura 
dlatrlbutlona .  Maaaurananta  with  low- 
proflla  vortax  ganaratora  ara  acha- 


dulad.  SOaala  blocka  hava  baan 
daalgnad  for  Mai.?  and  ara  in 
nanufactura.  A  taat  aaction  for  taata 
at  largar  acala  la  baing  daalgnad. 

R.P.,  Myra,  D.D.,  Ooldan,  W.L.,  Jr., 
and  Collina,  C.C.,  "Slnulatlon  of 
Shock-Boundary  Layar  Intaraetlon  in  a 
Pan  Blada  Paaaaga,"  AIAA  93-1980, 
AXAA/SAB/ASMB/A8BB  29th  Joint 
Propulalon  Confaranea  and  Exhibit, 
Montaray,  CA,  28-30  Juna  1993. 

THESES  DIHECTEDt  Myra,  D.D.,  "Pan 
Paaaaga  Plow  Modal  Slnulatlon, " 
Maatar'a  Thaala,  Dacaadbar  1992. 

Tapp,  E.,  "DavalopBMust  of  a  Caacada 
Slnulatlon  of  Pan  Paaaaga  Plow, " 
Maatar'a  Thaala,  Daeanbar  1993. 

DOO  KET  TECBSOLOOr  AHBAt  Propulaion 
and  Enargy  Convaralon,  Matariala  and 

Procaaaaa . 

EEXEOSDSt  Shock-Boimdary  Layar 
Intaraetlon,  Pan  Blada  Loaa 
Allaviation,  Tranaonlc  Caacada. 
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R.P.  SlirMv*,  ProfMsor 
Dqparf  ant  of  Aoronautics  and  Aatronautlcs 
M.L.  Sangar,  IDUSA  Lawis  Raaaareh  Camtar 
Sponsor  and  Funding:  Raval  Air  Ifarfara  Cantar, 
Aircraft  Division  (Tranton) 


OajBCTXVSt  To  roplaca  tho  ainglo- 
■tag*  transonic  fan  currently 
Installad  In  a  test  rig  at  tha 
Turbopropulsion  Laboratory  with  a 
prototype  design  recently  cospleted 
by  mhSK,  and  to  evaluate  all  aspects 
of  the  aerodynaatlc  perforsuuico  by  the 
application  of  advanced  Intrusive  and 
tton-intrusive  diagnostics.  The 
project  goals  are  to  provide  code  vs. 
sMasureaent  co8g>arlsons  to  validate 
current  design  and  analysis  codas,  to 
develop  practical  unsteady 
SMasureswnt  diagnostics  for  use  in 
advanced  fan  development  testing, and 
to  complete  a  design  test  and 
evaluation  case  study  for 
instructional  purposes. 

SnsaUKTt  The  aerodynasdc  design  of  a 


single  stage  compressor  for  the  MPS 
test  rig  was  completed  and  will  be 
reported  this  year.  The  mechanical 
design  is  also  completed  and 
procurement  is  planned  in  1994.  Tha 
low  aspect  ratio  (1.2)  stage  has  a 
diameter  of  11  inches  and  tip 
relative  Mach  number  of  1.3.  However, 
because  of  unusually  high  blade 
loading,  the  overall  stage  pressure 
ratio  is  projected  to  be  1.56,  at  an 
efficiency  of  90%. 

DOD  KHT  THCBMOLOOT  JkSHht  Propulsion 
and  Knergy  Conversion,  Materials  and 
Processes . 

nrnfOKDH:  Transonic  Cosipressor  Stage 
Design. 
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R.P.  Shreev«,  Professor 
G.V.  Hobson,  Associste  Professor 
W.B.  Roberts,  Plow  i^iplicatlons  Research 
Departaent  of  Aeronautics  and  Astronautics 
Sponsor  and  Funding;  Haval  Air  Narfare  Center, 
Aircraft  Division  (Trenton) 


OBjaCTIVB:  Th«  primary  goal  is  to 
valldata  o££-daalgn  par£ormanca  and 
stall  pradlctlon  £or  controllad 
di££uslon  (CD)  coaprassor  blading 
axparlmantally  and  obtain  in£onnatlon 
nacassary  to  anabla  davalopoiant  o£ 
hlghar  blada  loading  daslgns. 

SOSOUnr:  Two  and  thraa  cosponant 
lasar-Dopplar  valoclmatry  (LDV) , 
prassura  probaa,  laaar-shaat  and 
svur£aca  £low  visualization  taehnlquas 
ara  balng  usad  to  obtain  maaauramants 
through  two  daslgns  o£  CD  blading  In 
a  larga  (60  x  10  Inch)  raetlllnaar 
easeada  wind  tunnal.  Maasuramants  ara 
eonparad  with  CFD  viscous  coda 
calculations  at  prograssivaly 
Incraasad  £low  Incidanca  anglas. 
Suction  has  baan  Installad  to  control 
wall  ]E>oundary  layers.  First  thraa- 
dlmanslonal  £lbar>optlc  LDV 
maasuramants  wars  aiada  succass£ully 
and  tha  comar  vorticas  leaving  tha 
blading  wara  mapped  at  eight  degrees 
above  design  Incidence.  Tha  high 
levels  of  turbulence  found  near  tha 
leading  edges  of  tha  blading  using 
LDV  have  baan  corroboratad  by  recant 
hot-wlra  maasuramants.  Refinaaiant  of 
the  suction  system  to  reduce  inlet 
boundary  layer  thickness  is  planned 
before  tha  second  CD  blade  design 
(idilch  has  a  much  higher  loading)  is 
installad. 

POBLTCATIOW:  Hobson,  G.V.  and 
Shraava,  R.P.,  "Inlet  Turbulence 
Distortion  and  Viscous  Flow 
Davalopmant  in  a  Controllad-Dlffusion 
Coaprassor  Cascade  at  Vary  High 
Incidence,"  AIAA  Journal  of 
Propulsion  and  Power.  Vol.  9,  No.  3, 


May-JUna  1993. 

COHFHRBKat  PRKSBRRTian  t  Moyle, 
I.N.,  Shraava,  R.P.,  and  Walker, 
G.J.,  "Stator-Ralatlva,  Rotor  Blada- 
to-Blada  Naar-Wall  Flow  in  a 
Multistage  Axial  Coaprassor  with  Tip- 
Clearance  Variation,"  AIAA  93-2389, 
AIAA/SAK/ASMX/ASKB  29th  Joint 
Propulsion  Confaranca  and  Exhibit, 
MOntaray,  CA,  28-30  June  1993. 

Hobson,  G.V.,  Weber,  M.A.,  and  Dobar, 
D.M.,  "Establishing  Two-Dimensional 
Flow  in  a  Large-Scale  Cascade  of 
Controllad-Dlffusion  Compressor 
Blades,"  AIAA  93-2383,  AIAA/SAE/ 
ASMB/ASEE  29th  Joint  Propulsion 
Confaranca  and  Exhibit,  Monterey,  CA, 
28-30  June  1993. 

THESES  DIRHCTED:  Dobar,  D.M.,  "Thrae- 
DisMnsional  Flow  Field  Measurements 
in  tha  Bndwall  Region  of  a  Cascade  of 
Controllad  Diffusion  Coaprassor 
Blades,"  Master's  Thesis,  March  1993. 

Wabar,  M.A. ,  "Establishing  Two- 
Dimansional  Flow  in  a  Cascade  of 
Controllad  Diffusion  Coaprassor 
Blades  with  Endwall  Suction, " 
Master's  Thesis,  March  1993. 

Wakafiald,  B.B.,  "Hotwlra  Maasura¬ 
mants  of  the  Turbulent  Flow  into  a 
Cascade  of  Controllad-Dlffusion 
Cozprassor  Blades,"  Master's  Thesis, 
December  1993 . 

OTHER:  A  paper  on  3D  LDV  aioasuromants 
will  ba  presented  at  tha  IGTI 
Congress  at  tha  Hague  in  June  1994. 


•ad  laargy  Coniraraioa,  Matarlals  and 
Vrooaaaaa. 

mWQKMt  Controllad  Olffuaioa 
Bladla0.  Coapraaaor  Blada  Stall, 
Coapraaaor  Caaeada  Wind  Tunnal. 
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JOUKMAL  AKTICLBS 


Agrawml,  B.N.,  "Dynamic  Charactariatlea  o£  Liquid  Motion  in  Partially  Flllad 
Tanks  of  a  Spinning  Spacecraft,  ■  AIAA  Journal  of  Guidance.  Control,  and  Dvn«in< r-m 
Vol.  16,  No.  4,  pp.  636-640,  July-August  1993. 

Agrawal,  B.N.,  "High  Latitude  Communications  Satellite,”  Naw  Knaineer  Journal. 
J^ly  1993. 

Angus,  N.J.,  Witt,  M.A. ,  Laredo,  D.,  and  Matzar,  D.W.,  "Solid  Fuel  Supersonic 
Coiid>ustlon, "  La  Recherche  Aerospatiale.  1993-6,  pp.  1-8,  Novambar-Decembar  1993. 

Blblarz,  O.  and  Brown  6.S.,  "Plasma-Sheath  Approxlaiate  Solutions  for  Planar  and 
Cylindrical  Anodes  and  Probes,”  Journal  of  Applied  Physics.  Vol  73,  Ho.  12,  pp. 
8111-8121,  15  June  1993. 

Chandrasekhara,  M.S.,  Ahmed,  S.,  and  Carr,  L.W.,  "Schlieran  Studies  of 
Compressibility  Effects  on  Dynamic  Stall  of  Airfoils  in  Transient  Pitching 
Motion,"  Journal  of  Aircraft,  Vol.  30.  No.  2,  pp.  213-220,  March  1993. 

Chandrasekhara,  M.S.  and  Ahmed,  S.,  "Velocity  and  Vorticlty  Distributions  Over 
an  Oscillating  Airfoil  under  Coiiq;>ressibillty  Conditions,”  AIAA  Journal.  Vol.  31, 
Mo. 6,  pp.  995-996,  June  1993. 

Bkaterlnarls ,  J.A.  and  Schiff,  L.B.,  "Numerical  Prediction  of  Vortical  Flow  over 
Slender  Delta  Wings,"  Journal  of  Aircraft.  Vol.  30,  Mo.  6,  pp.  935-942, 
Novembar/December  1993. 

Habbar,  S.K.,  Platzer,  M.F.,  and  Kwon,  H.M.,  "Vortex  Breakdown  Studies  of  a 
Canard-Configured  X-31A-Like  Fighter  Aircraft  Nodal,”  Journal  of  Aircraft.  Vol. 
30,  No.  3,  p.  405,  Nay-June  1993. 

Kamlner,  I.,  Khargonekar,  P.P.,  and  Rotes,  M.A. ,  "Mixed  H_Two/H_Inf  ini  ty  Control 
for  Discrete  Tlzie  Systems  Via  Convex  Optiziization,  ”  Automatics.  Vol.  29,  No.  1, 
pp.  57-70,  1993. 

Xlm,  H.-O.,  Laredo,  D.,  and  Netzar,  D.W.,  "Maasureiaent  of  Submicrometer  AI2O3 
Particles  in  Plvunes,”  Applied  Optics.  Vol.  32,  No. 33,  pp.  6834-6840,  20  November 
1993. 

Laredo,  D.  and  Netzer,  D.W.,  "The  Dominant  Effect  of  Alumina  on  Nearfleld  Plume 
Radiation,"  Journal  of  Quantative  Spectroscopy  and  Radiative  Transfer.  Vol.  50, 
No.  5,  pp.  511-530,  Noveaiber  1993. 

Ross,  I.M.  and  Melton,  R.O.,  "Singular  Arcs  for  Blunt  Endoatmospheric  Vehicle," 
The  Journal  of  the  Astronautical  Sciences.  Vol.  41,  No.  1,  pp.  35-51,  January  - 
March  1993. 
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DEPARTMENT  OF  COMPUTER  SCIENCE 


ARTIFICIAL  INTELLIGENCE  AND  ROBOTICS; 


In  the  area  of  Artificial  Intelligence  and  Robotics,  a  major  research  effort  is 
underway  in  the  area  of  autonomous  vehicles  (both  underwater  and  above  ground) 
is  carried  out.  Topics  such  as  path  planning,  sonar  data  interpretation, 
graphics  simulation,  motion  coordination,  and  image  understanding  are  studied. 
A  knowledge -based  approaches  to  the  path  planning  of  missile  routes  that  maxisilza 
concealment  and  minimize  energy  cost  is  pursued.  Also,  investigation  in  the  area 
of  intelligent  computer  assisted  military  training  (e.g.  training  systems  for 
helicopter  recognition  and  Ada  programming)  is  performed. 


COMPUTER  GRAPHICS  AND  VISUAL  SIMULATION; 

The  NPSNET  Research  Group  bases  its  research  around  the  Naval  Postgraduate  School 
Networked  Vehicle  Simulator  (NPSNET) .  Developed  as  a  student  written,  real-tlzie 
networked  software  running  on  commercial,  off-the-shelf  workstations  (the  Silicon 
Graphics,  Incorporated  (SGI)  IRIS  family  of  computers) ,  NPSNET  was  originally 
envisioned  as  a  low-cost,  government  owned,  workstation-based  visual  simulator. 
The  project  has  now  evolved  to  Include  many  facets  of  virtual  reality.  The 
NPSNET  Research  Group  consists  of  faculty,  staff  and  students  developing  real¬ 
time  simulation  software,  from  interfaces  to  autonomous  forces,  all  within  the 
virtual  world  of  NPSNET.  NPSNET-IV.$,  the  most  recent  release  of  our  program, 
is  coded  in  AT&T  and  continues  our  commitment  to  the  object-oriented 
programming  paradigm.  The  simulation  reads  and  writes  Distributed  Interactive 
Simulation  (DIS)  2.0.1}  protocol  data  units,  euid  utilizes  SIMNET  and  MultiGen 
formatted  terrain  and  model  datedaases.  As  a  basis  for  our  code,  we  use  an  SGI 
Applications  Program  Interface  (API)  called  Performer,  which  handles  many  of  the 
general  purpose  processes  necessary  in  a  visual  simulator,  such  as  hidden  surface 
elimination  and  culling. 

NPSNET  research  is  being  conducted  entirely  within  the  Department  of  Conputer 
Science  Graphics  and  Video  Laboratory  at  the  Naval  Postgraduate  School  (NPS)  as 
part  of  the  M.S.  and  Ph.D.  programs.  NPS  was  established  in  1909  to  meet  the 
advamced  educational  needs  of  the  Navy.  The  school  provides  professional  studies 
for  military  officers  of  all  services  and  of  foreign  nations,  as  well  as  civilian 
en^loyees  of  the  U.S.  Government.  It  also  supports  the  Navy  zuid  Department  of 
Defense  through  continuing  programs  of  research  and  maintenance  of  expert 
faculty. 

Our  research  is  directly  supported  by  the  teaching  efforts  of  the  Con^uter 
Graphics  and  Visual  Simulation  track  within  the  Department  of  Computer  Science. 
This  track  (one  of  six  in  the  department)  has  a  real-time,  interactive,  three 
dimensional  slant  that  is  particularly  conducive  to  work  in  the  field  of  virtual 
worlds . 
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COMPTITBR  SYSTEMS  AND  ARGHITTCrOMt 

In  th«  Con^uter  Systems  and  Archltecttire  area,  the  research  is  perforated  In  the 
areas  of  network  commtuiicatlon  protocols  and  VLZW  architectures  for  the  next 
generation  of  high  performance  workstations.  A  progress  la  made  on  modeling  V8AT 
networks  for  communications  satellites  and  on  applications  of  very  high  speed 
networks  to  in^rove  the  Navy  AEGIS  combat  system. 


DATABASE  AND  DATA  ENGIMKgRTliSi 

An  advanced  research  effort  Is  being  carried  out  In  the  areas  of  interoperable 
databases,  object-oriented  databases,  and  visual  querying  system.  Our  current 
prototype  system  addresses  sosie  of  the  Integration  and  Interoperability  Issues. 
We  have  a  kernel  database  system  called  Attribute-Based  Data  Model  that  la 
capable  of  supporting  Hierarchical,  Network,  Relational,  Object-Oriented,  and 
Functional  Data  Model  Interfaces.  Using  our  prototype,  users  can  create  database 
hierarchically  and  access  the  same  database  via  hierarchical  query  language  or 
relational  query  language,  for  exanple.  In  other  words,  we  support  a  cross-model 
accessing  capability.  In  addition  to  the  cross-model  accessing  capability,  we 
are  also  pursuing  to  provide  a  higher  level,  unified  query  language.  Our 
approach  uses  a  visual  query  language  to  "talk”  to  different  types  of  databases. 
The  current  visual  query  language  is  capable  of  accessing  relational  databases. 


SOFTWARE  ENGIMBERING; 

In  the  Software  Engineering  area,  the  research  on  Computer-Aided  Prototyping 
System  (CAPS)  for  real-time  software,  general  semantic  model  for  surging  changes 
to  software  systems,  model  for  the  safety-critical  multiprocessing  aspects  of 
control  systems,  and  model  for  prototypes  of  dynamic  systeam  are  performed. 
Fundamental  theory  and  practicing  algorithsis  for  the  development  and  management 
of  software  systems  are  actively  pursued.  A  prototype  for  a  low-cost  comsiand- 
and-control  system  was  produced  by  utilizing  the  CAPS. 

As  evident  from  the  idiove  descriptions,  the  Department  of  Computer  Sciences' 
research  program  is  highly  relevant  to  the  mission  of  DoN/DoD.  Our  external 
funding  sources  include  Naval  Research  Laboratory,  Naval  Sea  Systems  Command, 
Naval  Surface  Warfare  Center,  Naval  Weapons  Center,  NOSC  Hawaii,  Pacific  Missile 
Test  Center,  US  Army  Research  Office,  US  Army  Artificial  Intelligence  Center,  US 
Army  Project  Manager  Training  Devices,  US  Army  Test  and  Experiment  Command,  US 
Army  AI  Center,  Ada  Joint  Frogreun  Office,  and  National  Science  Foundation.  The 
prototype  systems  developed  under  the  research  programs  are  actively  used  in 
teaching  the  department's  courses  and  in  supporting  MS  and  Ph.D.  theses  work. 
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SYMTHESIZniG  PRO«Pmiffi  nm  SPBCIFICATKMiS 
V.  Berzina,  Profeaaor 
Department  of  Computer  Science 
Sponsor:  Office  of  Naval  Researcli 
Funding:  Naval  Postgraduate  School 


OBJacnvS:  Davclopaant  of  reliable 
programs  is  a  central  problem  in 
software  engineering.  We  are 
investigating  autootated  techniques 
for  generating  executable  Ada 
programs  from  functional 
specifications.  Applications  of  the 
resulting  technology  include  software 
tools  for  automatic  generation  of  Ada 
programs,  for  direct  execution  of 
specifications,  and  for  automatically 
determining  whether  test  results  for 
programs  conform  to  specified 
functional  requirements.  Our  goal  is 
to  develop  new  technologies  for 
conputer-aided  design  of  Ada  software 
systeias.  A  set  of  software  tools  for 
validating  requirements  and 
formalizing  design  efforts  of  Ada 
Software  Systems  are  under  design  and 
development  by  applying  and  extending 
state  of  the  art  research  results  in 
software  engineering  and  in 
artificial  Intelligence  to  automate  a 
larger  part  of  the  effort  in  software 
development.  This  project  eiiq>haslzes 
the  refinement  of  a  formal 
specification  tool  set  suitable  for 
supporting  computer-aided  development 
of  large  Ada  programs.  To  meet 
urgent  needs  of  DOD,  the  primary 
goals  of  this  work  are  to  liiq>rove 
programmer  productivity  and  the 
quality,  reliability,  and  flexibility 
of  software  systems. 

smulART:  We  are  Investigating 
atechanisms  for  using  black-box 
specifications  expressed  in  logic  the 
basis  for  partial  generation  of 
designs  and  iiiq>lementatlons  in 
conventional  programming  leuiguages 
such  as  Ada.  We  have  refined  our 
previous  work  on  developing  a  formal 
specification  language  and  explored 


the  use  of  formal  specifications  to 
support  the  design  of  Ada  software 
via  case  studies.  The  specification 
language  complements  Ada  in  the 
design  of  large  systeais,  and  supports 
descriptions  of  distributed  and  real- 
tiiM  systems  on  a  largo  scale,  and  is 
supported  by  a  sat  of  tools  for 
computer-aided  software  design. 

We  have  investigated  the  underlying 
technology  needed  to  create  the 
necessary  software  tool  support  for 
the  proposed  software  development 
methodology  and  have  surveyed  formal 
methods  relevant  to  providing 
automated  decision  support  for  the 
design  process . 

PUBUCATIOKS:  Berzins,  V., 
"Preface,”  in  Proceedings  of  the 
AFOSR/ARO/ONR  Workshop  on  Increasing 
the  Practical  Impact  of  Forzial 
Methods  for  Conputer-Alded  Software 
Development,  Monterey,  CA,  13-15 
October  1993. 

Berzins,  V.,  "Summary  and 
Conclusions,"  in  Proceedings  of  the 
AFOSR/ARO/ONR  Workshop  on  Increasing 
the  Practical  Intact  of  Formal 
Methods  for  Conpu ter -Aided  Software 
Development,  Monterey,  CA,  13-15 
October  1993 . 

DOD  XKT  TBCHMOLOCT  AREA:  Software, 
Conputers . 

KSTWORDS:  Ada,  Software  Systems. 
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AqTOI».TIgAI.I.Y  rnMBINrWG  CHMiGBS  TO  SOFTHMtE  SYSTKilS 

V.  Berzins,  Professor 
Department  of  Computer  Science 
Sponsor  and  Funding:  T7.S.  Amy  Research  Office 


OBJSCTXVS:  Wa  saek  to  davalop 
fundamantal  thaory  and  practical 
mathods  for  combining  aavaral  changas 
to  a  aoftwara  systam  with 
mathamatlcally  provabla  guarantaas  of 
corractnaaa.  Tha  main  goal  of  this 
raaaarch  affort  is  to  anabla  a  highar 
laval  of  conputar-aldad  daaign  in 
davalopmant  and  malntananca  of  larga 
aoftwara  ayatams.  Combining  changaa 
to  aoftwara  la  a  fundamantal  problam 
in  aoftwara  anglnaarlng.  Thla 
procaaa  ia  i]q>ortant  in  all  phaaaa  of 
davaloplng  larga  aoftwara  ayatama, 
whara  multlpla  changaa  muat  ba 
davalopad  concurrantly  and  than 
comblnad.  Thla  work  haa  potantial 
appllcatlona  to  aoftwara  malntananca, 
viaw  Intagration  in  apaclficationa, 
varaion  control  in  daaign  databaaaa, 
and  multlpla  inharltanca  in 
apacif ication  or  programming 
languagaa . 


SmOART:  We  have  developed  tha 
foundationa  for  a  aemantic 
raquirementa  model  for  general 
aoftwara  change  merging  by  ahowing 
how  to  embed  a  claaa  of  domaina  uaad 
in  denotational  aemantlca  in  larger 
Boolean  algabraa.  We  have  corrected 
deficienclea  in  previoua  formulationa 
and  have  extended  the  reaulta  to 
aolutlona  of  reflexive  domain 
equatlona.  We  have  previoualy 
modeled  auch  a  aemantic  operation 
abatractly,  in  terma  of  the 
operationa  of  a  Boolean  algebra.  The 
domain  conatruction  ahowa  how  thla 
model  can  be  applied  to  a  large  claaa 
of  programming  languagaa,  and  thua 
provldea  a  preciae,  language- 
independent  model  of  the  requlrementa 
for  practical  change  merging 
operationa . 


We  have  Inveatigatad  change  merging 
for  aoftwara  prototypea  of  real-time 
ayatama.  We  are  currently  addreaaing 
problema  aaaociatad  with  amrglng 
changaa  to  PSDI,  prototypea.  We  have 
been  working  on  an  analog  of  the 
program  alicing  method  for  the  PSDL 
language. 

Program  alicing  haa  been  previoualy 
applied  to  change  merging  for  while 
programa  and  we  have  found  that  a 
method  applicable  to  PSOL  can  ba 
developed  baaed  on  almllar  prlnclplaa 
deapite  the  fact  that  PSDL  preaanta 
new  problema  bacauae  it  Includea 
explicit  real-time  conatralnta  and 
parallel  operationa. 

Concurrency  makea  PSDL  programa 
potentially  nondetermlniatic,  which 
reguirea  a  aubatantial  rethinking  of 
the  previoua  work  that  waa  done  in 
the  context  of  dateradniatlc 
aequential  prograaia.  We  have  been 
developing  a  proof  that  a  allce  will 
exhibit  the  aame  behavior  regardleaa 
of  what  program  it  ia  embedded  in. 
In  parallel,  we  are  working  out  the 
detaila  of  an  algorithm  for  merging 
changea  to  PSDL  programa  whoae 
correctneaa  dependa  on  the  behavior 
invariance  theorem. 

PUBLICATIONS:  Berzina,  V.  and 
Yehudai,  A.,  "Daing  Tranaformation  in 
Specification-Baaed  Prototyping," 
lEBB  Tranaactiona  on  Software 
Knaineering.  pp.  436-452,  May  1993. 

Kraemer,  B.,  Luqi,  and  Berzina,  V., 
"Coiiq>oaitional  Semantica  of  a  Real- 
Time  Prototyping  Language,"  IKKK 
Tranaactiona  on  Software  Knaineering. 
pp.  453-477,  May  1993. 
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Daapiar,  D.,  Luqi,  and  Barsins,  V., 
"Autonatad  Marging  of  Softwara 
Prototypaa,*  in  Procaadlnga  of  tha 
Fifth  Intarnatlonal  Confaranca  on 
Softwara  Bnginaarlng  and  Knowladga 
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604-611,  16-18  Juna  1993. 

Daapiar,  D.  and  Barzins,  V.,  "A 
Slicing  Mathod  for  Saaiantlc  Basad 
Marging  of  Softwara  Prototypaa,”  In 
Procaadlnga  of  tha  1993  ARO/AFOSR/OMR 
Workahop  on  Incraaalng  tha  Practical 
laopact  of  Fonual  Mathoda  for 
Coa^utar-Aldad  Softwara  Davalopaiant, 
pp.  21-23,  Montaray,  CA,  Octobar 
1993. 

Badr,  S.  and  Luqi,  "A  Varaion  and 
Configuration  Modal  for  Softwara 
Evolution, ”  In  Procaadlnga  of  tha 
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Softwara  Bnginaarlng  and  Knowladga 
Bnginaarlng,  San  Franclaco,  CA,  pp. 
225-227,  16-18  Juna  1993. 

Luqi  and  Goguan,  J. ,  "Soma 
Suggaatlona  for  Uaing  Fomtal  Mathoda 
In  Softwara  Davalopaiant,  ”  In 
Procaadlnga  of  tha  AFOSR/ARO/ONR 
Workahop  on  Incraaalng  tha  Practical 
Iaq>act  of  Fonoal  Mathoda  for 
CoBq>utar-Aidad  Softwara  Davalopmant, 
Montaray,  CA,  pp.  7-11,  Octobar  1993. 


Daapiar,  D.  and  Baralna,  V., 
"Softwara  Marga:  SaaMntlca  of 
Combining  Changaa  to  Prograaa,"  MPS 
Tachnical  Raport  MPS -CS- 93 -Oil, 
Dacambar  1993. 

Barzina,  V.  and  Badr,  S.,  "Robuat 
Schaduling  for  Larga  Projacta,”  MPS 
Tachnical  Raport  MPS-CS-93-012, 
Dacambar  1993 . 

Badr  emd  Luqi,  "Automation  Support 
for  Concurrant  Softwara  Bnginaarlng,  " 
MPS  Tachnical  Raport  MPS-CS-93-013 , 
Dacambar  1993. 

OTHER:  Daapiar,  D.,  Luqi,  and 
Barzina,  V.,  "Automatad  Marging  of 
Softwara  Prototypaa,"  to  appaar  In 
Journal  of  Svatazia  Intaoratlon.  Vol . 
4,  No.  1,  January  1994. 

Barzina,  V.,  "Softwara  Marga: 
Samantlca  of  CoBd>inlng  Changaa  to 
Programa,"  raviaad  for  ACM  TOPLAS. 

DQO  KBX  TBOBMOXiOaT  AR3U.t  Computara, 
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CHANGE  MBRGING  FOR  KVOLOTIOII  OF  SOFTWXM  PBOTOTTPKS 

V.  fierzlns.  Professor 
Departaent  of  Cosiputar  Sclcmce 
Sponsor  and  Funding:  XJ.S.  Any  Research  Office 


OSJKCrXVS:  H«  s««k  to  axplor* 
■•voral  aspacts  o£  coiq>utar-aldad 
softwaro  avolutlon,  in  support  o£  a 
main  proposal  addressing  formal 
models  and  automated  methods  for 
software  change -merging.  Change 
merging  is  the  problem  of 
automatically  constructing  a  new 
version  of  a  program  that 
incorporates  the  combined  effect  of 
several  changes  to  a  common  base 
version  of  the  program.  The  result 
of  an  automatic  marge  must  be 
semantically  correct  with  respect  to 
a  realistic  formal  model  of  change 
merging.  If  an  engineer  atten^ts  to 
marge  semantically  incoiq>atlble 
changes,  then  a  change  merging  tool 
should  detect  and  locate  the 
incompatibilities.  The  project 
focuses  on  developing  the  aspects  of 
change  merging  technology  related  to 
software  evolution,  software 
prototyping  and  software  reuse,  and 
for  trial  application  and  evaluation 
of  these  technologies. 

SraOfMtT:  We  have  completed  a 
functional  specification,  design,  and 
implementation  for  an  automated 
evolution  control  system.  The  main 
advance  provided  by  this  system  is 
automated  scheduling  and  job 
assignment  for  teamus  of  engineers  in 


an  environment  «d:ere  plans  are 
uncertain,  partially  known,  and 
subject  to  change  ^lle  the  work  is 
in  progress.  He  have  e:q>erlaMmtally 
determined  that  a  backtracking  liadt 
of  0 . 6N  on  a  branch  and  bound 
algorithm  for  nonpreemptive  multi - 
agent  scheduling  successfully  finds 
all  feasible  schedules  in  a 
moderately  sized  random  sample  of 
scheduling  problemui,  thus  providing  a 
practical  and  highly  accurate 
approximiate  solution  to  a  NP-hard 
problem.  He  have  applied  heuristic 
methods  to  automtatically  suggest 
reasonably  tight  adjustments  to 
project  deadlines  when  the 
circumstances  of  the  project  change 
to  the  point  where  the  algorithm 
cannot  find  a  feasible  scheduled. 

THXSXS  DIKBCTBD:  Badr,  S.,  "A  Model 
and  Algorithm  for  Scheduling  Software 
Evolution  Steps,”  Ph.D.  Dissertation, 
Decemiber  1993 . 

DOD  EBT  TBCBHOLOGT  AUA:  Software., 

KKIHORDS:  Software  Prototypes, 
Chtmge . 
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DKADLOCK  DKTECTIOM  m  TOE  SPECIFICATIOM  OF 
DISTRIBOTIP  C»I  SYSnig 
V.  Barxliui,  Professor 
Department  of  Computer  Science 

Sponsor  and  Funding:  Office  of  the  Chief  of  Naval  Operations 


OBJSCnVB:  The  Havy  needs  to  be  able 
to  predict  if  the  formal  specifica¬ 
tion  of  a  distributed  Command, 
Control,  Communications  and 
Intelligence  (C^I)  system  will  permit 
that  system  to  deadlock.  Such  a 
methodology  slight  be  used  to  certify 
that  a  distributed  C^I  system  will  be 
deadlock  free,  prior  to  the  actual 
devalopsiant  of  that  system. 
Deliverables  will  include  the 
algorithm  for  deadlock  detection  in 
designs  of  distributed  systesis. 

SDSMhRT:  Today's  C^I  systesis  are  no 
longer  single  cos^uters,  operating  in 
isolation.  Tactical  command  systesis 
now  consist  of  multiple  cosqputers 
networked  together.  These 
distrib'  ted  systems  are  collections 
of  cosputers  that  act  like  a  single 
machine  to  their  users.  Forsial 
specifications  cam  be  used  to  provide 
a  precise  'black-box'  description, 
siodeling  the  intended  behavior  of 
these  systesis,  including  how  the 
system  being  described  interacts  with 
other  systems  or  the  external  world. 

The  issue  to  be  studied  was  the 
development  of  am  algorithm  amd  tool 
that  will  detenuine  if  the 
specification  of  a  distributed  C^I 
system  would  permit  deadlock  to  occur 
in  that  system  when  is^lesiented .  By 
determining  the  deadlock  potential  of 


a  system  in  its  formal  specification, 
that  specification  cam  bo  changed 
prior  to  actual  system 
implementation,  ad.nlad.sing  both 
operational  impact  amd  system 
development  cost.  If  designs  cam  be 
certified  to  be  free  of  potential 
deadlocks,  then  system  efficiency  can 
be  Improved  by  avoiding  run-time 
system  monitoring  for  deadlock 
detection  and  transaction  roll-back 
procedures.  An  algorithm  for 
detecting  potential  deadlocks  from 
such  specifications  has  been 
developed. 

OIHKRt  A  prototype  of  a  generic  C^I 
station  was  developed  to  validate  the 
theoretical  results  in  a  practical 
context.  This  prototype  is 
implemented  in  Ada  and  nms  on  a 
comsiarcial  workstation  (sun  4)  under 
UNIX. 

DOO  KMT  TKBMOLOGr  ASIA:  Computers, 
Design  Automation. 

KXXWOKDS:  C3I. 
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T.  Kanayaaa,  ProfMSor 
R.B.  MeGhaa,  Profaaaor 
Dapartaant  of  Coainitar  Sclanca 

^ponaor  and  Funding;  National  Seianca  Foundation  (BCS-9109989) 


OantCTZVIt  Th«  purpos*  of  this 
pro j act  ia  to  Invoatlgata  th« 
problaaa  of  fast  gait  control, 
vahlcla  dynaalcs,  tha  af facts  of 
ocaan  currants,  and  othar  topics  of 
autonoanus  undarwatar  walking  robots 
using  coaputar  sisulation  and  control 
of  the  real  robot.  This  is  an 
intamational  joint  project  conduct 
by  tha  Maval  Postgraduate  School  and 
by  tha  Port  and  Harbor  Rasaarch 
Institute  (PHRI)  in  Japan.  Tha  year 
of  1993  was  tha  second  year  of  tha 
three  year  period. 

sanhRTi  Na  coaaplatad  tha  algorithm 
investigation  and  iaplamantation  for 
tha  Aquarobot  graphic  simulator 
including  kinsMtics,  inverse 
kinasMtics,  fast  gait  planning 
method,  saiooth  foot  trajectory 
planning,  and  30  graphic  interface. 
Dr.  Kan  Yonada,  Mr.  Kanji  Suzuki,  Mr. 
John  Goetz,  Ms.  Sandra  Davidson,  and 
Mr.  Charles  Schua  ware  involved  in 
this  part  of  rasaarch. 

Ona  of  tha  original  research  problams 
in  tha  walking  robot  simulation  was 
gait  planning  algorithm.  Dr.  Yonada, 
Mr.  Suzuki  and  Prof.  Kanayama 
invented  a  new  algorithm  for  hexapods 
called  tha  generalized  wavagait 
plaxming  algorithm.  Guaranteeing  the 
duty  factor  for  anv  given 
eoaaandad  motion,  this  solution 
optimizes  tha  robot's  stability 
margins . 

Mr.  Scott  McMillan,  Prof.  McGhee  and 
others  solved  tha  0  (n)  time  linkage 
dynaad.es  problem  (1,2)  for  the  first 
time  extended  to  the  underwater 


domain.  Hydrodynasde  and  hydrostatic 
effects  were  also  included  in  tha 
method.  It  is  found  that  the  amount 
of  computation  required  in  this  case 
is  increased  by  approximately 
seventy- five  percent  over  tha 
corresponding  requirement  for  a 
single  chain  serial  manipulator 
mounted  on  a  mobile  base  and 
operating  in  space  or  air. 

The  idea  of  this  "virtual  reality" 
ax>dal  is  to  replace  tha  configuration 
dependent  11^  inertias  of  the  above 
"exact"  a»dels  with  fixed  average 
inertias  (including  actuators) ,  iddle 
computing  gravitational,  current - 
Induced  drag,  and  hydrostatic  forces 
precisely.  As  a  first  step  toward  a 
virtual  reality  model  for  Aquarobot, 
we  have  developed  a  purely  kinematic 
sianilation  [4] .  This  model  assumes  a 
level  sea  bottom,  and  has  proved  to 
be  very  useful  in  supporting  the 
development  of  an  initial  version  of 
Aquarobot  mtlon  coordination 
software. 

One  of  the  goals  of  this  research 
project  is  to  Increase  the  degree  of 
autonomy  of  Aquarobot.  In 
particular,  we  would  like  to  endow 
this  vehicle  with  a  "task-level" 
control  capability.  Toward  this  end, 
we  have  developed  an  Innovative 
control  software  architecture  called 
the  "Rational  Behavior  Model"  (RBM) , 
idilch  Incorporates  both  a  goal- 
directed  "strategic"  level  using 
logic  programming,  and  a  reactive 
"tactical"  level  on  top  of  a 
conventional  hard  real-time 
"execution"  level.  Me  intend  to 


pursu*  an  alaboration  of  th«  raaults 
of  ualng  KBM  durlzig  tha  third  yaar  of 
thla  pro j act. 

Thara  wara  fraquant  vialta  to  and 
fron  Japan  aa  a  part  of  our  raaaareh 
actlvitlas.  Na  Invltad  Mr.  Kanjl 
Suxukl,  a  Ph.D.  atudant  at  Onivaralty 
of  Klactro-CoBBtunleatlona  from 
Octobar  26,  1992  -  Octobar  26,  1993. 
Mr.  Hidatoshi  Takahaahl  of  PBRX 
visltad  MPS  from  18-24  January  1993. 
Prof.  Kanayama  and  Mr.  Charlaa  Schua 
vlaitad  PHRI  for  raaaareh  dlscusalons 
from  9-17  April  1993.  Dr.  Kan 
Yonada,  Aaaiatant  Profaaaor  of 
Dapartmant  of  Machano-Aaroapaea 
Bnginaaring  at  Tokyo  Instituta  of 
Tachnology  was  invitad  to  NPS  for  tha 
faat  gait  plaxming  raaaareh  (July  1, 
1993  -  August  31,  1993)  .  Mr. 
Hidatoshi  Takahashi,  Mr.  Minao 
Iwaaaki,  and  Mr.  Shigaki  Shiraiwa 
visitad  NPS  for  raaaareh  discussions 
from  7  Saptambar  to  4  Octobar  1993. 

POBUCATiaMB:  Shirayama,  M., 
Kanayama,  Y.,  Tomizu,  H.,  and 
Kusukawa,  T.,  "Autonomous  Guidanea  of 
a  Mobila  Robot  Using  Naural  Nataork 
Tachnology, "  Maaioirs  of  Ishikawa 
National  Collaga  of  Technology,  No. 
25,  pp.  61-69,  March  1993. 

Cooka,  J.M.,  Zyda,  M.J.,  Pratt,  D.R., 
and  McOhaa,  R.B.,  "NPSNBT:  Flight 
Simulation  Dynaaiic  Modeling  Using 
Quatamlons,”  Presence.  Vol.  1,  No. 
4,  pp.  404-420,  March  1993. 

Bymas,  R.B.,  Kwak,  S.H.,  Nelson, 
M.L.,  McGhaa,  R.B.,  and  Healey,  A.J., 
"Perception,  Navigation,  and  tha 
Rational  Behavior  Modal , "  IBB8 
Transactions  on  Robotics  and 
Automation.  Juna  1993. 

Kanayama,  Y.,  MaePharson,  D.,  and 
Krahn,  G.,  "Vehicle  Motion  Control 
and  Analysis  Using  2D 
Transformations,"  in  Proceedings  of 
the  im  Intamatlonal  Confaranca  on 


Robotics  and  Autemation,  Atlanta,  GA, 
Vol.  Ill,  pp.  13-18,  10-15  May  1993. 

Nelson,  M.l,.,  Bymas,  R.B.,  Kwak, 
S.H.,  and  McGhaa,  R.B.,  "Putting 
Objaet-Orianted  Technology  to  Nork  in 
Autonomous  Vehicles , "  in  Proceedings 
of  the  Tools  USA  '93  Confaranca, 
Santa  Barbara,  CA,  pp.  279-288, 
August  1993 . 

Bymas,  R.B.,  Nelson,  M.L.,  Kwak, 
S.H.,  McGhaa,  R.B.,  and  Healey,  A.J., 
"Rational  Behavior  Modal :  An 
Implamantad  Tri -Laval  Multilingual 
Software  Architactura  for  Control  of 
Autonomous  Underwater  Vehicles , "  in 
Proceedings  of  tha  8th  International 
Symposium  on  Unmanned  untatharad 
Subsiarslbla  Tachnology,  University  of 
Maw  Hampshire,  Durham,  MH,  pp.  160- 
178,  Saptasdsar  1993. 

THMSRS  DIRMCnOt  Alexander,  J.A. , 
"Motion  Control  and  Obstacle 
Avoidance  for  Autonomous  Vehicles 
Using  Siapla  Planar  Curves,"  Master's 
Thesis,  March  1993. 

Bymas ,  R .  B . ,  "Tha  Rational  Behavior 
Modal:  A  Multi -Paradigm,  Tri-I,aval 
Software  Architactura  for  tha  Control 
of  Autonomous  Vehicles,"  Ph.D. 
Dissertation,  March  1993. 

Davidson,  S.L.,  "An  Kjqparimantal 
Cos^arison  of  CLOS  and  C-i"f 
Iiq>laaMntatlons  of  an  Objact-Oriantad 
Graphical  Simulation  of  Walking  Robot 
Kinesmtics,"  Master's  Thesis,  March 
1993. 

Grim,  C.J.,  "An  Objact-Oriantad 
Program  Specification  for  a  Mobile 
Robot  Motion  Control  Language," 
Master's  Thesis,  March  1993. 

Schua,  C.A.,  "Simulation  of  Tripod 
Gaits  for  a  Hexapod  Underwater 
Walking  Machine,"  Master's  Thesis, 
March  1993. 

Fish,  R.W.,  "An  Rxpart  Systam  for 
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High  Laval  Motion  Control  for  an 
Autonoanua  Moblla  Robot,"  Maatar'a 
Thaala.  Juna  1993. 

MacRharaon,  D.L.,  "Autoaatad 
Cartography  by  an  Autonoaoua  Moblla 
Robot  Ualng  aitrasonlc  Ranga 
rlndara,"  Rh.D.  Dlaaartatlon, 
SaptaiMbar  1993. 

DaClua,  M.J.,  "Objact  Raeognltion 
Through  laMiga  Ohdaratandlng  for  an 
AutonoB»us  Moblla  Robot,"  Maatar'a 
Thaala,  Saptanbar  1993. 

Scott,  R.C.,  "Raanglnaarlng  Raal-Tla« 
Softwara  Syataaa,"  Maatar'a  Thaala, 
Saptaadbar  1993. 

OTUBKt  Rowa,  N.C.  and  Kanayaaw,  Y., 
"Mlnlanna-Bnargy  Patha  on  a  Vartlcal- 
Axla  Cona  with  Anlaotroplc  Friction 
and  Gravity  Bf facta,"  accaptad  by 
IBBB  Journal  of  Robotica  and 
Au team t Ion,  Dacanbar  1993 . 


McMillan,  S.,  Orln,  D.B.,  and  MeOhaa, 
R.B.,  "Slaailatlng  Hydrodynamic 
Bf  facta  for  Cndarwatar  Manipulation, " 
aubmlttad  to  IBBB  Tranaactl<ma  on 

Svataaia, _ MgPi _ _ Cvbamatlca, 

Dacanbar  1993 . 

Xwak,  S.B.,  "Rula-Baaad  Motion 
Coordination  with  Dtlllaatlon  of 
Multlpla  Prograaadng  Paradlgaa  for 
Walking  Vahlclaa  on  Tamary-Typa 
Tarrain, "  to  ba  aubnlttad  to  IBBB 

TgflPgaS^ionF  on  ffYftfMti _ MfiSU _ l&d 

Cvbamatica .  1994. 

DOO  Bxr  TBCHHOLOQT  ABBA:  Daalgn 
AutoBkation . 

BHXIKHtDS :  Robotica ,  Dndarwatar 

Robota,  Walking  Robota,  Autonoawua 
Robota,  Gait  Planning,  Rational 
Bahavior  Modal. 
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gPERT  SYSTIM  FOR  PROyiffTOMBiq 
T.-J*.  Lee,  ABSlstant  Professor 
Departskent  of  Cosiputer  Science 
Sponsor  and  Funding:  Naval  Surface  Warfare  Center, 
Port  Huenene  Division 


CVJSCTXVB:  Tha  major  objactlva  of 
tha  Ixpart  Syataa  for  Provialonlng 
(ISP)  is  to  provlda  tha 
funetlonalltlas  of  an  automatad 
systaa  that  halps  in  tha  procass  of 
dataraining  tha  ranga  and  dapth  of 
spara  and  rapair  parts  for  n.S.  Navy 
ship  waapon  ay a tarns. 

P11BUCin<»S:  Darshowitz,  M.  and 
Laa.  Y.,  "Logical  Dabugging, ■  spacial 
issua  on  Autostatic  Prograassing, 
Journal  n*  <7«;»inDutation.  Vol. 
IS,  Nos.  5  6  6,  pp.  745-774,  May/Jtina 
1993. 

Laa,  Y.  and  Darshowitz,  N., 
"Dabugging  Logic  Prograats  Using 
Spaclficatlons, "  in  Procaadings  of 
tha  First  Intarnational  Workshop  on 
Autoaiatad  and  Algorltfaaiic  Dabugging, 
pp.  64-78,  Llnkoplng,  Swadan,  3-5  Nay 
1993. 

Laa,  Y.  and  Walta,  J.V.,  "Fast 
Analytical  Slanilation  of  Missila 
Flights,"  in  Procaadings  of  tha 
llavanth  Annual  National  Confaranca 
on  Ada  Tachnology,  pp.  8-16, 
Wllliaaisburg,  VA,  15-18  March  1993. 


Laa,  Y.  and  Stascavaga,  J.F., 
"Multitasking  Simulation  of  a  Bollar 
Systam  Using  Quail tativa  Modal -Basad 

Raasoning, "  Agi _ Transactions  on 

Modaling  and  Computar _ si»u:\t,fctQn. 

spacial  issua  on  Simulation  and  AI: 

Tachnolooias .  Vol.  2, 
No.  4,  pp.  285-306,  Octobar  1992. 

OTHIB:  (invitad  talks)  Laa,  Y., 

"Daductiva  and  Inductiva  Dabugging  of 
Logic  Programs ,  "  at  tha  Dapar tmant  of 
Computar  Sclanca,  National  Taiwan 
univarsity,  Taipal,  Rapublic  of 
China,  25  Juno  1993. 

D(»>  XBY  TICBMOLiOOY  ARSAt  Coeputors. 

KimORDS:  Ixpart  Systams,  Artificial 
Intalliganco,  Provisioning. 
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BPILDIHQ  SmOIATIOMS  OF  VTBTOKL  KMVIROiillEMTS 
M.  Lin,  Assistant  Professor 
Department  of  Computer  Science 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJSCnVB:  The  objective  of  thla 
research  is  to  address  some 
fundamental  problems  in  dynamic 
slsiulatlon  for  virtual  environments. 
Our  goals  are  to  develop  better  and 
more  efficient  algorithms,  reliable 
software  systems,  and  to  demonstrate 
their  applications  in  virtual 
environments,  such  as  an  immersive 
training  system  for  Navy  officers. 
The  problems  include:  (1)  geometric 
modeling,  (2)  interactive  collision 
detection  among  various  objects 
undergoing  physical  motion,  (3) 
prospt  dynamic  response  to  collision. 
We  will  Integrate  our  In^lementatlons 
with  NPSMBT,  a  distributed  3D  visual 
simulation  system  developed  in  the 
Department  of  Computer  Science  at  the 
Naval  Postgraduate  School. 

SnmihllT:  Computer  generation  of 
"Virtual  Worlds”  is  concerned  with 
the  development  of  conputatlonal 
models  for  governing  the  physical 
behaviors  of  objects  and  the 
interactions  among  them.  Although 
substantial  work  is  already  done  on 
physical  based  modeling,  there  are 
still  areas  worthy  of  much 
investigation  and  future 
Improvements.  One  of  them  is  the 
ability  to  detect  geometric  contacts 
and  respond  to  these  collisions 
Interactively . 

As  an  essential  part  of  the  path 
planner  for  an  autonomous  underwater 
vehicle,  it  is  extremely  Isportant  to 
conpute  the  distance  between  a  moving 
vehicle  and  its  nearby  obstacles  in 
order  to  identify  possible  geometric 
collisions  and  to  guide  the  traveling 
vehicle  safely  under  the  water, 
before  the  expensive  vehicle  is 
damaged  due  to  unforeseen  collisions. 


The  ability  to  model  deformable 
objects  and  their  physical  behavior 
can  be  utilised  in  various  areas, 
such  as  rock  engineering  and  mineral 
technology.  Examples  include: 
simulation  of  soil  slippage  for 
computing  the  force  needed  in  tunnel 
drilling,  creation  of  a  synthetic 
environment  for  a  combat  tank 
exploring  a  rocky  terrain,  etc. 

Motivated  by  these  important 
applications,  my  present  research  is 
cantered  around  interactive  dynamic 
sisnilatlons  for  an  immersive  training 
system  and  obstacle  avoidance  for 
Biilitary  robotics  applications.  I  am 
especially  interested  in  tackling 
problasm  like  contact  detersiinatlon 
and  collision  response  for  deformable 
objects,  robot  motion  planning  in  a 
roughly  known  environskent  with 
uncertainty,  etc.  I  plan  to  build 
real-time  graphical  simulation 
systaais  for  applications  in  the 
virtual  enviroxu&ants  and  robotics. 

PDBLICATiaHB:  Lin,  M.C.  and  Canny, 
J.F.,  "An  Opportunistic  Global 
Planner,”  in  Alaorithmica.  Special 
Issue  on  Cosqputatlonal  Robotics, 
Vol.  10,  No.  24,  pp.  102-120,  August- 
October  1993. 

Lin,  M.C.  and  Manocha,  D., 
"Interference  Detection  Between 
Curved  Objects  for  Computer 
Animation,"  in  Proceedings  of  the 
Computer  Animation  '93,  Geneva, 
Switzerland,  June  1993. 

Lin,  M.C.,  Manocha,  D.,  and  Canny, 
J.P.,  "Fast  Collision  Detection  for 
Geometric  Models,"  Department  of 
Computer  Science  at  the  Thilverslty  of 
North  Carolina,  Chapel  Hill, 
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Taehnlcal  Raport  TR93-004,  January 
1993. 

OCHRUBRS  PRUBRRTXCMSi  Lin.  M.C., 
Manoeha,  D.,  and  Canny,  J.r.,  "Raal- 
TiJM  Contact  Datarmination  for 
OaoaMtrlc  Modala,"  An^  Raaaarch 
Offlca  and  MSI  Stony  Brook  Norkahop 
on  Coaputatlonal  Gaomatry,  Ralaigh, 
NC,  Octobar  1993. 

Lin,  M.C.,  Manoeha,  O.,  and  Canny, 
J.F.,  "Faat  Collision  Dataetion  for 
Oaoaatric  Modala,"  SIAM  Confaranca  on 
OaoBMtric  Dasign,  Taaq>a,  AZ,  Novanbar 
1993. 


OXHKRt  Lin,  M.C.,  "IffieiMit 
Collision  Dataetion  for  Animation  and 
Robotics,"  Ph.D.  Dissartation,  U.C. 
Barkalay,  Dacmabar  1993 . 

DOD  KXr  nCBMOLOeF  ARMAt  Dasign 
Automation,  Buaukn-Systam  Intarfaeas, 
So  f  twara ,  Computar s . 

KMXMOSDSx  Collision  Dataetion, 
Dynasde  Rasponsa,  Simulation  and 
Modaling,  Synthatie  Rnvironmants . 
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FOgMXT.  METHODS  FOB  SOPTWMUB  DEVBLOPIIBMT 
Luql,  ABSoclattt  Professor 
Departamit  of  Coaputer  Science 
Sponsor  and  Funding:  U.S.  Any  Research  Office 


QBJaCTIVS:  OoO  and  industry  have  an 
urgsnt  naad  for  software  systems  that 
can  BMet  user  needs  effectively  and 
reliably,  and  software  <iuality  is 
emerging  as  one  of  the  main  problems 
for  the  1990' s.  Formal  methods  that 
can  be  partially  or  cos^klataly 
automated  provide  a  promising 
approach  to  solving  this  problem.  A 
three-day  workshop  entitled  "Formal 
Methods  for  Cosqputer  Aided  Software 
Developsient"  was  held  at  the  Naval 
Postgraduate  School.  The  purpose  of 
the  workshop  was  to  assess  current 
research  efforts  in  this  area,  to 
identify  results  and  directions  that 
can  Increase  the  degree  of  automation 
that  is  feasible,  to  aid  tool 
integration  by  building  a  common 
understanding,  and  to  help  bring 
formal  methods  into  practical  use. 

SUMNUKT:  Software  productivity  was  a 
doBiinant  software  development  problem 
in  the  1980' s,  and  software  quality 
is  emerging  as  one  of  the  sialn 
problems  for  the  1990's.  DoD  and 
computer  Industry  have  an  urgent  need 
for  software  systems  that  can  meet 
user  needs  effectively  and  reliably. 
Formal  methods  that  can  be  partially 
or  conpletely  automated  provide  a 
fundamental  and  promising  approach  to 
solve  this  problem.  Formal 
techniques  have  influenced  the  design 
of  languages  which  are  needed  for 
programmlng-ln-the-large  and  of 
specification  and  analysis  tools  for 
software  engineering.  In  order  to 
enhance  software  quality,  there  is  a 
need  for  formal  methods  to  play  a 
more  prominent  role  in  the  software 
production  cycle  than  has  been  in  the 
past:  for  the  most  part  developers 
are  not  using  formal  methods,  and 
researchers  have  not  addressed  many 


of  the  Issues  that  arise  in  large 
scale  applications  of  formal  methods. 
To  achieve  this,  researchers  in 
forskal  xMthods  need  a  better 
understanding  of  the  aspects  of 
software  develoj^ient  in  which  they 
can  help  the  developers  of  large 
software  systems.  Software  devel¬ 
opers  need  an  understanding  of  the 
benefits  of  forsial  methods,  as  wall 
as  software  tools  that  can  apply 
these  methods  to  the  problems  that 
arise  in  practical  software 
developaient . 

The  theaie  of  this  workshop  was  to 
assess  the  practical  ixq^act  of  formal 
methods  and  tools,  identify  gaps 
between  the  capabilities  of  formal 
Bwthods  and  the  needs  of  practical 
software  developaient,  and  define 
appropriate  research  directions.  The 
workshop  also  provided  an  opportunity 
to  share  recent  advances  in  fonaal 
aiethods  and  tools  for  aiany  aspects  of 
the  software  development. 

PDBUCATIOH:  Luql,  "Practical  la^act 
of  Fonaal  Methods  for  Computer-Aided 
Software  Developawnt ,  "  in  Proceedings 
of  the  AFOSR/ARO/ONR  Workshop, 
Monterey,  CA,  13-15  October  1993. 

DOD  XKT  TKCHMOLOGT  AKKA:  Software, 
Computers ,  Design  Autoaiation . 

KnwORDS:  Computer-aided  Software, 

Software  Quality,  Development. 
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RAPID  PROTOTYPIMG  OF  HARD  REALTIMB  SYSTKMS 
Luql,  Associate  Professor 
Department  of  Computer  Science 
Sponsor  and  Funding:  National  Science  Foundation 


OBJBCTlVIi  Th«  goal  o£  this  research 
la  to  enable  rapid  prototyping  of 
hard  real-tliao  systems  via  a  coiq>uter 
aided  prototyping  system  (CAPS) . 
CAPS  is  based  on  a  prototyping 
language  with  module  specifications 
for  modeling  real-time  systesis  and 
combining  reusable  software.  These 
tools  ma]ce  it  possible  for  prototypes 
to  be  designed  quickly  and  to  be 
executed  for  validating  the 
requirements . 

The  research  focuses  on  automated 
methods  for  retrieving,  adapting,  and 
combining  reusable  coiiq>onents  based 
on  normalized  module  specifications; 
establishing  feasibility  of  real-time 
constraints  via  scheduling 
algorithms;  simulating  unavailable 
components  via  algebraic 
specifications;  automatically 
generating  translators  and  real-time 
schedules  for  supporting  execution; 
constructing  a  prototyping  project 
database  using  derived  matheaiatical 
aiodels;  providing  automated  design 
cospletlon  and  error  checking 
facilities  in  a  designer  interface; 
and  establishing  a  convenient 
graphical  interface  for  design  and 
debugging . 

SOMART:  Rapid  prototyping  is  a 
Bieans  for  stabilizing  and  validating 
the  requirements  for  coaqplex  systems 
by  helping  customers  visualize  system 
behavior  prior  to  detailed 
implementation,  e.g.  for  embedded 
control  systems  with  hard  real-time 
constraints.  CAPS  supports  an 
iterative  prototyping  process 
characterized  by  exploratory  design 
and  extensive  prototype  evolution. 
This  should  enable  the  first 
production  version  of  the  software  to 


match  user  needs  and  reduce  the  need 
for  expensive  modifications  after 
delivery.  The  current  version  of 
CAPS  has  been  used  to  generate  a 
software  prototype  of  a  C^Z  system 
with  hard  real-time  constraints.  The 
pralisiinary  result  of  such  an 
approach  has  shown  great  prosklse.  It 
also  reveals  extreme  difficulties  in 
many  sub-areas  which  are  due  to  gaps 
in  the  state  of  the  art  in  many 
inter-disciplinary  subjects  of 
fundamental  science.  Both 
theoretical  and  practical  research 
effort  has  been  devoted  with  careful 
strategies  in  order  to  make  further 
progress  on  the  sid>ject.  The 
significant  and  impact  of  this 
research  to  the  national  economy  and 
to  the  history  of  science  and 
engineering  makes  the  success  of  the 
project  the  only  possible  choice  for 
the  researchers. 

PDBUCATIOIIS :  Luqi,  "Real-Time 
Constraints  in  a  Rapid  Prototyping 
Language,"  Journal  of  Computer 
Languages,  Vol.  18,  No.  2,  pp.  77- 
103,  Spring  1993. 

Berzins,  V.,  Luqi,  and  Yehudal,  A., 
"Using  Transformations  in 
Specification-Based  Prototyping," 
lEBB  Transactions  on  Software 
Engineering,  pp.  436-452,  May  1993. 

Kraemer,  B.,  Luqi,  and  Berzins,  V., 
"Cosposltional  Semantics  of  a  Real- 
Time  Prototyping  Language, "  IEEE 
Transactions  on  Software  Engineering, 
pp.  453-477,  Nay  1993. 

Combelles,  A.  and  Luqi,  "Advancing 
Europe's  Fortunes,"  IEEE  Software, 
pp.  14-20,  November  1993. 
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imZS  OUtBCTBDi  Dolgoff,  8., 
■AutOMtad  Zntarfaea  for  Rotrlovlng 
Softwaro  Rauaabla  Coaponanta,* 
Maatar's  Thaala,  Saptaabar  1993. 

DGD  XBT  nGBRXUXnr  ASBAt  Softwara. 

KRWQBDSt  Coaputar-Aldad  Softwara 
loglnaarlng.  Rapid  Prototyping.  Bard 
Raal-TlaM  laboddad  Syataaa. 


MODELS  FOR  PROTOTYPING  OF  DYNMUC  SYSTEMS 
Luqi,  Associate  Professor 
Department  of  Coaoqmter  Science 
Sponsor  and  Pending :  Naval  Surface  Warfare  Center 


OBJSCTIVB:  This  pro j act  addrassaa 
th«  davalopmant  of  analytical  models 
of  dynamic  software  systems  to 
support  rapid  prototyping,  cosqputer- 
alded  analysis  of  hard  real-time 
constraints,  and  now  real-time 
scheduling  methods  for  dynasde 
systems.  The  objective  of  the 
proposed  research  Is  to  enable  the 
design  of  flexible  real-time  systems 
that  consist  of  variable  numbers  of 
sxibsystems  whoso  connection  patterns 
can  change  with  time. 

Potential  applications  Include 
distributed  C^I  systems  and  damage 
tolerant  systems  that  can 
autoRMtlcally  reconfigure  themselves 
In  response  to  conqponent  failures. 
The  results  of  this  research  support 
tools  for  analyzing  hard  real-time 
constraints  and  synthesizing 
executable  software  prototypes. 

SraUPT;  The  set  of  subsystems 
cosqprlslng  a  dynastic  system  can 
change  with  time.  Such  changes  can 
be  due  to  subsystems  physically 
crossing  the  boundaries  of  the 
dynasde  system,  such  as  aircraft 
entering  and  leaving  a  controlled 
airspace,  or  due  to  subsys  tests 
falling  and  cosdng  back  on-line  after 
repairs,  such  as  autostatlcally 
reconf Igurable  systems  designed  to 
survive  dastage  to  subcomponents. 
Bmbedded  software  systests  are 
typically  subject  to  hard  real-time 
constraints.  However,  ctirrent 
approaches  to  designing  real-tlste 
systests  depend  on  the  assisqttlon  that 
the  system  structure  Is  static.  Our 
work  Is  developing  the  basis  for 
re8»vlng  this  restriction. 

PfXBUCATIOWS:  Rastesh,  B.  and  Luql, 


"Process  Knowledge  Based  Rapid 
Prototyping  for  Requirements 
Engineering, "  In  Proceedings  of  the 
IBBB/ACM  Symposium  on  Requlresients 
Engineering,  San  Diego,  CA,  pp.  248- 
255,  January  1993. 

Luql,  "How  to  Use  Prototyping  for 
Requirements  Engineering, ■  In 
Proceedings  of  the  lEEE/ACM  Symposium 
on  Requlresients  Engineering,  San 
Diego,  CA,  p.  229,  January  1993. 

Dampler,  D.,  Luql,  and  Berzins,  V., 
"Automated  Merging  of  Software 
Prototypes,"  In  Proceedings  of  the 
Fifth  International  Conference  on 
Software  Engineering  and  Knowledge 
Engineering,  San  Francisco,  CA,  pp. 
604-611,  16-18  June  1993. 

Luql  and  Goguen,  J.,  "Soma 
Suggestions  for  Using  Forsutl  Methods 
In  Software  Development, "  In 
Proceedings  of  the  AFOSR/ARO/OMR 
Workshop  on  Increasing  the  Practical 
Iaq>act  of  Fonsal  Methods  for 
Computer-Aided  Software  Development, 
pp.  7-11,  Monterey,  CA,  October  1993. 

Cooke,  D.  and  Luql,  National  Science 
Foundation,  In  Proceedings  of  cmPSAC 
'93,  Phoenix,  AZ,  3-5  November  1993. 

Luql,  "Models  for  Prototypes  of 
Dynamic  Systesis,"  Final  Report  FY93, 
Naval  Surface  Warfare  Center,  October 
1993. 

DOD  KXr  TNCHMOLOOr  ARBA:  Software. 

KXXWDRD8:  Cos^uter -Aided  Software 
Engineering,  Rapid  Prototyping,  Hard 
Real-Time  Bmbedded  Systems. 
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Luql,  Aaaoelata  Professor 
M.-T.  Shlng,  Associate  Professor 
Departaent  of  Coaputer  Science 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJBCTXVSt  A  conputar  aldad  rapid 
prototyping  ayatan  to  aupport  tha 
davalopmant  of  aoftwara  ayataaa  with 
hard  raal*tlma  conatralnta  la 
aapacially  Important  for  tha  critical 
aarly  atagaa  of  aoftwara  daaign. 
Thia  raaaarch  focuaaa  on  formal 
tachnlquaa  for  apaclfylng  auch 
complax  ayatama  ualng  a  Prototypa 
Syatam  Daacrlptlon  Languaga  and  tha 
aaaoclatad  toola  for  furthar  analyaia 
and  daaign.  A  atajor  goal  of  thla 
work  la  to  anabla  tha  automation  of  a 
largar  part  of  hard  raal-tlma 
aoftwara  davalopmant  via  axacutlon  of 
raal-tlaia  prototypaa.  A  apacial 
achama  la  uaad  to  traat  tha  hard 
raal'tlma  conatralnta  and  to 
Integrate  guldalinaa  beyond 
conventional  compilar  technology. 

SUSSART:  Thia  project  atudlad 
automated  toola  for  daalgnlng  and 
conatructlng  large  real-time  aoftwara 
ayatama.  Specific  aubjacta  that  ware 
addraaaad  Include: 

1.  Providing  tha  conceptual  daaign 
of  CAPS  toola,  a.g.,  atatic 
achadular,  dynamic  achadular,  run¬ 
time  debugging  ayatam,  ate. 

2.  Tha  application  of  CAPS  toola  to 
tha  apaciflcation  of  real- time 
ayataaw  to  aatabllah  ita  ability  to 
handle  practical  problama. 

3.  Propoaing  alnplificatlona  and 
axtanaiona  to  the  PSDL  languaga  to 
Iflqprova  tha  treatment  of  hard  raal- 
tlM  conatralnta. 

4 .  Developing  axacutlon  aupport 
toola  to  handle  a  aubaat  of  the  PSDL 
languaga  conatructa  auf  flclantly  rich 


to  illuatrata  tha  faaalblllty  of 
automatic  generation  of  axaeutabla 
prototypaa  for  tha  apaclflad  ayatama. 

Thia  raaaarch  uniquely  llnka  tha  two 
major  raaaarch  flowa  on  modeling  of 
raal-tlBM  ayataaw  and  coaplaxlty 
atudlaa  on  achadullng  algorlthma  In 
thia  re"  h  area.  Tha  hard  real¬ 
time  tlonal  modal  used  and 
aped  fib.  baaed  prototyping 
language  provide  ayatanatic  and 
unified  conatructa  for  modeling, 
apaclfylng,  dar^gnlng  and  taatlng 
aoftwara  ayatama  with  har:d  «*aal-tlse 
propartlaa . 

PtmUCATZOMS:  Luql,  Sblnj,  H. , 
Bamaa,  P.  and  Hughaa,  O..' 
"Prototyping  Bard  Real-Time  Ada 
Syataaui  in  a  Claaaroom  BnvlroriaiKnt, " 
In  Procaedlnga  of  tha  7th  Annual  Ada 
Software  Bnginaarlng  Bducation  and 
Training  Sympoalum,  Monterey,  CA,  pp. 
103-177,  12-14  January  1993. 

Badr,  S.  and  Luql,  National  Science 
Foundation,  In  Procaedlnga  of  tha 
Fifth  International  Conference  on 
Software  Bnglnaaring  and  Knowledge 
Bnginaarlng,  San  Franciaco,  CA,  pp. 
225-227,  16-18  June  1993. 

Luql,  "Computer-Aided  Prototyping  - 
Statue  and  BJ^arlaanta , "  In 
Procaedlnga  of  tha  International 
Sympoai\im  and  Norkahop  on  New  Modala 
for  Software  Architecture,  Kanaaawa, 
Japan,  8  Novambar  1993. 

Badr,  S.  and  Luql,  "Automation 
Support  for  Concurrent  Software 
Bnginaarlng, "  NPS  Technical  Report 
NPS-CS-93-013,  Dacambar  1993. 
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Amt  Software 


nSMOUNIt  Coaputar -Aided  Software 
■ngiaaering.  Rapid  Prototyping,  Bard 
Raal-TiaM  Britaddad  Syataas. 
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DKVKLOPMEilT  AMD  WrAIAJATlOH  OF  A  PROTOTYPE 
flMI^T.T.  AHV  MXVTQATIQM  SYSTKII  (gAllS> 

R.B.  McGbee,  Professor 
J.R.  Clyndbi,  Research  Associate  Professor 
S.H.  Rifak,  Research  Assistant  Professor 
Departaent  of  Computer  Science 
Sponsor  and  Funding;  MRaD  Hawaii 


OBJacnvS:  Th«  goal  of  this  pro j act 
was  to  construct  a  breadboard  SANS 
and  coBg>lote  land-based  testing  using 
an  Instrumented  golf  cart  on  a 
calibrated  test  track.  The  system  to 
be  constructed  was  Intended  to 
desonstrate  the  feasibility  of 
subsequent  development  of  a  wet-test 
version  of  SAMS  In  FY94. 

FlflMMIHT:  The  SAMS  package  Is  a  self- 
contained  unit  suitable  for 
accurately  detenalnlng  the  location 
of  an  autonomous  underwater  vehicle 
(AtTV)  using  a  combination  of  GPS, 
Inertial,  depth,  and  magnetic 
sensors.  It  also  Incorporates  a 
computer  to  provide  navigation 
commands  (heading,  speed,  and  depth) 
to  guide  the  AtIV  to  a  mission  area, 
to  record  silsslon  data,  and  to  return 
the  AUV  to  Its  recovery  site.  It  Is 
designed  for  either  Internal  or 
external  mounting  on  any  ATIV,  or  even 
for  attachiaent  to  a  human  diver.  The 
publications  listed  below  support  the 
conclusion  that  the  location  of 
objects  detected  by  an  AW  operating 
In  depths  up  to  70  meters  can  be 
deterailned  to  an  accuracy  of 
approxlsiately  10  meters  rms, 
worldwide,  by  a  SANS  package 
occupying  not  more  than  120  cu.  In., 
and  requiring  less  than  10  watts 
average  power. 


POBUCATKMit  Kwak,  S.H.,  Stevens, 
C.D.,  Clynch,  J.R.,  McCOiee,  R.B.,  and 
Whalen,  R.H.,  "An  Sxperlmental 
Investigation  of  QPS/IMS  Integration 
for  Sstall  AUV  Navigation, "  In 
Proceedings  of  the  8th  International 
Symposium  on  Unmanned  Dhtethered 
Subswrslble  Technology,  Durham,  MB, 
pp.  239-251,  27-29  Decoad>er  1993. 

THB8IS  OIRNCTIDt  Stevens,  C.D.,  "A 
Software  Architecture  for  a  Ssutll 
Autonorous  Underwater  Vehicle 
Navigation  System,”  Master's  Thesis, 
June  1993. 

DOD  m  TWCBaOUXIt  ARSA:  Design 
Automation . 

KRNORDS:  Robotics,  Mlnehuntlng, 
Autonomous  Utodersea  Vehicles  (AUV) . 
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TOUIPMEMT  FOR  OPEW  OMTOS 
D.  Pratt,  ABaistant  Professor 
B.  Lundy,  Assistant  Professor 
Departnent  of  Conputer  Science 
Sponsor  and  Funding:  ADPA/ASTO 


OBJBCTXVB:  To  dovolop  a  dlatrlbutad 
siiBulatlon  aystem  for  tha  National 
Ouard.  This  system  will  enhance  the 
warfighting  ability  of  the  National 
Guard  by  providing  them  a  means  to 
conduct  command  post  exercise  from 
remote  locations.  By  doing  this  the 
units  leaders  can  train  and  develop 
the  command  and  control  practices 
required  to  wage  a  successful 
campaign. 

SXnsaunr:  This  project  has  just 
begun,  and  the  bulk  of  the  work  will 
be  In  1994,  so  will  be  reported  fully 
In  next  year's  stimmary. 

PUBLICATIOHS:  Ltmdy,  G.M. , 
"Specification  and  Analysis  of  a 
CSMA/CD  Protocol  Using  Systems  of 
Communicating  Machines , "  IBBK 
Transactions  on  Communications.  March 
1993. 

Lundy,  G.M.,  "Specification  and 
Analysis  of  a  Cosqposltlon  of 
Protocols,  Information  Science.  June 
1993. 


CGSPKRBMCB  PRBSSMZlTIOnB  t  Lundy, 
G.M.,  "PROTBAN:  A  Tool  for  Automated 
Protocol  Analysis,"  International 
Conforenca  on  Computers  and 
Communications,  Scottsdale,  AZ, 
February  1993 . 

Lundy,  G.M.,  "Mushroom:  A  Program  for 
the  Automated  Verification  of  an  SCM 
Protocol  Specification," 
International  Conference  on  Network 
Protocols,  San  Francisco,  CA,  October 
1993. 

DOD  KBT  TBCHSOLOGT  AREA: 
Communications  Networking. 

KSnORDS:  Networks,  Simulation, 
Wargaming,  Command  and  Control. 
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A  FACILITY  FOR  COOPWIATIVE  mrcrrmw 
T.J.  Shiaeall,  Assistant  Professor 
Departnent  of  Coasniter  Science 
Sponsor  and  Funding;  Naval  Postgraduate  School 


<»JBCTXVXs  Th«  goal  of  this  rosaarch 
was  to  modal  and  partially  iiig>lamant 
a  facility  for  coordinatad  axacutlon 
of  a  long-ruxmlng  non-lntaractiva 
program  during  idla  pariods  in 
workstation  usaga  on  a  coiig>utar 
natwork.  This  coordinatad  axacutlon 
is  to  ba  parformad  in  a  mannar  that 
supplias  a  dagraa  of  protaction  on 
both  tha  primary  usar  of  tha 
workstation  and  tha  usar  rasponslbla 
for  tha  long-running  program. 

StnnnJtT:  Savaral  similar  systams 
wara  analyzad  Including  LINDA,  POLITE 
and  PVM.  A  coimnon  faatura  of  all 
systams  axaoilnad  was  thalr  lack  of 
considaratlon  of  tha  sacurlty  Issuas 
raisad  by  cooparatlva  axacutlon.  Tha 
common  assunqptlon  was  that  tha 
axacutlon  would  occur  in  an  "opan, 
truatad"  anvironmant,  whara  all  usars 
had  lagltisiata  accass  to  all 
information  on  tha  natwork  and  no 
user  would  act  to  corrupt  or 
lBq>roparly  publish  that  Information. 
Following  this  raviaw,  a  fontal 
spacif ication  for  tha  cooparatlva 
axacutlon  facility  was  praparad. 
This  spaclflcation  includas  stodallng 
of  tha  coordination  and  axacutlon 
portions  of  tha  facility  as  wall  as 
formal  daflnltlon  of  what  sacurlty 
maans  in  this  contaxt.  Tha  formal 
spaclflcation  was  ravlawad  with 
savaral  conputar  sacurlty  axparts  and 
ravislons  wara  incorporatad .  Onca 
tha  spaclflcation  had  baan  ravlawad 
and  ravisad,  davalopmant  of  a 
prototypa  facility  was  parformad. 


This  prototypa  facility  includes  only 
tha  axacutlon  (not  coordination) 
aspects  of  tha  facility,  but  is  in  a 
readily  axtansibla  form.  Tha 
facility  was  validated  on  a  dedicated 
research  natwork,  dmnonstrating  the 
concept  of  this  type  of  facility  is 
achievable . 

PUBLI CATIOW ;  Journal  publication  of 
this  rasaarch  is  in  preparation. 

THESIS  DIBBCIBD:  Busmira,  T.B., 
CAPT,  DSA,  "Concept  Definitions  and 
Sacurlty  Raquiramants  of  a 
Cooperative  Execution  SnvironMnt  for 
Distributed  Computing,"  Master's 
Thesis,  Saptasibar  1993. 

OTHER:  CEE  -  Cooperative  Execution 
Enviroxmant  -  Computer  Software. 

DOO  RET  TECBEOLOOr  AREA:  Computers, 
Software,  Comsiunicationa  Networking. 

EETWORDS:  Computer  Security, 
Computer  Networks,  Idle -time 
Cosputing,  Formal  Security,  Modeling 
Distributed  Software. 
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A  HBW  PROGHMOCaiS  lAMGOKGB  AMD  ITS 

D.M.  Volpano,  Aasisfcant  Profsssor 
D«partMnt  of  Co^mter  Sciozice 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJBCrxVBi  Th«  objective  of  thle 
project  le  to  design,  without 
coaproadslng  the  security  of 
tredltlonel  strong  typing,  e  new  store 
flexible  type  discipline  for  a 
prograisBing  environment  that  supports 
a  novel  prograssalng  siethodology  based 
on  data  rafinoaient. 

SOHOUnTt  This  effect  has  focused  on 
the  design  of  a  now  type  discipline 
for  perforating  on-line  type  inference 
IncresMntally  in  the  context  of 
overloading  and  subtyping.  The  PI 
investigated  the  cos^lexity  of  type 
inference  in  the  context  of 
overloading  only.  A  PSPACB  lower 
bound  was  shown  for  satisfiability  of 
constraint  sets  even  when  overloading 
is  restricted  to  a  very  slaqple  form. 
Two  graduate  students  are  separately 
investigating  the  on-line  and 
incremental  aspects  of  type  inference 
using  attribute  grasmars.  These  are 
two  facets  of  type  inference  that 
become  laq;>ortant  in  the  environment 
for  this  progranBiing  language  where 
prograsis  are  type  checked  as  they  are 
edited. 

PUBUCATIOM:  Volpano,  D.N.,  "Online 
Polysiorphic  Type  Inference  in  Polya," 
in  Proceedings  of  the  4  th  Navy  R&O 
Infonoatlon  Exchange  Conference, 
Naval  Command,  Control  and  Ocean 
Surveillance  Center,  RDT&B  Division, 
San  Diego,  CA,  p.  40,  April  1993. 


OOHPBBKS  PKBSBRATIOMt  Volpano, 
D.M.,  "Type  Inference  in  Polya," 
Naval  Ocean  Surveillance  Center,  San 
Diego,  CA,  14  April  1993. 

OYUU:  Pour  papers  originated  from 
the  project  during  the  reporting 
period,  all  of  which  were  authored 
solely  by  the  PI: 

"A  Critique  of  Type  Systems  for 
Olobal  Overloading, "  NPS  Technical 
Report  NPS-CS-94-002. 

"A  Lower  Bound  on  Computing  the 
Intersection  of  Regular  Porests,"  NPS 
Technical  Report  NPS-CS-94-001. 

"Parametric  Overloading  and  the 
Computational  Complexity  of 
Satisfiability, "  submitted  to  the 
Journal  of  Punctio"*^  . 
Deceinber  1993. 

Developed  the  software,  using  an 
attributed- evaluator  generator,  for 
doing  increswntal  type  inference. 
The  system  runs  under  X11R5  and  has 

served  as  a  valuable  research 

prototype . 

DOO  KXr  TKHNOLOGT  ASBAx  Software. 

KRWOSDSx  ProgranBd.ng  Environments, 
Reliable  Software. 
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RESKARCH  IM  unT.TTmmxA  DXTJkBASK  SYSTEMS 
C.T.  WU,  Associate  Professor 
Department  of  Coaputer  Science 
Sponsor  and  Funding:  Naval  Ocean  Systems  Center 


OBJSCTIVS: 

continuation 

davalopmant 

BultiaMdia 


Thia  rasaarch  ia  a 
of  a  study  and 

of  an  intalligant 

database  managamant 


syatasui.  Tha  main  obj  active  for  this 
rasaarch  period  is  to  enhance  tha 
prototype . 


SOBBUtT:  One  of  tha  proposed 
interface  called  OFQL  was 
substantially  improved.  DFQli  is  a 
database  query  language  based  on  a 
modified  dataflow  diagram  and 
relational  algebra.  The  initial  DFQL 
Implementation  as  completely 
redesigned  incorporate  an  object- 
oriented  design.  The  translation 
algorithm  that  converts  a  given  DFQL 
query  into  equivalent  SQL  statements 
was  enhanced  so  there  will  be  mlnlouil 
number  of  views  are  created  in  the 
backend  database. 

PDBUChTXON:  Hu,  C.T.,  "An 
Integrated  Visual  tovlronment  for 
Relational  Databases,"  HCI 
International  Conference,  Orlando, 
FL,  August  1993. 

COMFKRBBCB  PRB8BHTATI0H:  Hu,  C.T., 
"An  Integrated  Visual  Environment  for 
Relational  Databases,"  poster 
presentation  at  the  HCI  International 
Conference,  Orlemdo,  FL,  August  1993. 


OTHER:  Hu,  C.T.,  "DFQL:  Dataflow 
Query  Language  for  Relational 
Databases , "  to  appear  in  Information 
and 

THESES  DIRECTED:  NClnce,  Turgay,  LT, 
Turkish  Army,  "Design  and 
Implementation  of  a  Query  Editor  for 
the  Asukdeus  System,"  Master's  Thesis, 
September  1993 . 

Hargrove,  J.P.,  LT,  "Design  and 
InqplesMntatlon  of  an  Interface  Editor 
for  the  Aswdeus  Multi -Relational 
Database  Front-End  System,  "  Master' s 
Thesis,  March  1993. 

]XH>  KEY  TBCBM0L06T  AREA:  Computers, 
Software,  Human-System  Interfaces. 

KETHORDS:  Database,  Query  Language, 
User  Interface. 
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qRAFHICS  AND  VIDTO  U^BOKATOKY 
M.  Zyda,  ProfMMor 
D.  Pratt «  Aasistant  Profassor 

J.  Palby,  Laeturar 
P.  Barham,  Staff 

K.  Kallahar,  Staff 
Dapartmant  of  Computar  Sclanca 

Sponsor  and  Funding:  Naval  Postgraduata  School 


OBJSCTrVSt  NPSNBT-XV  Is  ths  nswsst 
incarnation  of  ths  throa-dimansional 
visual  simulator  davslopad  at  ths 
Maval  Postgraduata  School's  Cos^utar 
Scianca  Dapartmant  in  tha  Graphics 
and  Vidao  Laboratory.  Tha  pro j act 
cantars  on  tha  davalopsiant  of 
graphics  simulation  software,  and 
will  expand  to  include  many  facets  of 
virtual  reality. 

SmoOUtT:  Tha  Naval  Postgraduata 
School  Not%rarkad  Vehicle  Simulator  IV 
(NPSMBT-IV)  is  a  low  cost,  student 
written,  real-time  networked  vehicle 
sixBulator  that  runs  on  commarcial, 
off-the-shelf  workstations  (the 
Silicon  Graphics  IRIS  family  of 
coo^uters) .  NPSNET-IV  utilizes 
Simulation  Network  (SXMNBT)  databases 
and  SXMNBT  and  Distributed 
Interactive  Simulation  (DXS) 
networking  formats.  The  DXS 
networking  format  is  flexible  enough 
to  allow  multiple  players  to  game 
over  tha  Internet.  The  availability 
of  NPSNBT-XV  lowers  tha  entry  costs 
of  researchers  wanting  to  work  with 
SXMNBT,  DXS  and  follow-on  systems. 
Without  the  contributions  of  the 
department's  MS  and  Ph.D.  candidates, 
tha  NPSNBT  project  would  be 
impossible  to  maintain  and  continue. 
Tha  diversity  of  their  Interests 
accounts  for  tha  broad  range  of 
research  areas  within  the  project. 

VUBLXCkTlomt  Bhargava,  H.  and 
Branley,  W.,  "Simulating  Belief 
Systems  of  Autonomous  Agents," 
accepted  Decision  Support  sv*'*™*- 


pendlng  final  versions,  1994. 

Zyda,  M.J.,  Pratt,  D.R.,  Palby,  J.S., 
Tiomhardo,  C.,  and  Kellaher,  K.M., 
"The  Software  Required  for  the 
Computer  Generation  of  Virtual 
Bnvironments, "  accepted  by  Presence . 
7  June  1993  for  Vol.  2,  Mo.  2. 

Cooke,  J.M.,  Zyda,  M.J.,  Pratt,  D.R., 
and  McGhee,  R.B..  "NPSNBT i  Plight 
Simulation  Dynamic  Modeling  Using 
Quaternions,"  Presence .  Vol.  1,  No. 
4,  pp.  404-420. 

Zyda,  M.,  Wilson,  X.P.,  Pratt,  D.R., 
Monohan,  J.G.,  and  Palby,  J.8., 
"NPSOPP:  An  Object  Description 
Language  for  Supporting  Virtual  World 
Construction,"  Computers  ft  Graphics. 
Vol.  17,  No.  4,  pp.  457-464. 

Zyda,  N.J.,  Pratt,  D.R.,  Palby,  J.S., 
and  Mackey,  R.L.,  "NPSNBT: 
Hierarchical  Data  Structures  for 
Real-Time  Three-Dimensional  Visual 
Simulation, "  Computers  fc  Graphics. 
Vol.  17,  No.  1,  pp.  65-69,  1993. 

Zyda,  M.J.,  Osborne,  W.D.,  Monahan, 
J.O.,  and  Pratt,  D.R.,  "NPSNBT:  Real- 
Tisw  Collision  Detection  and 
Response,"  The  Journal  of 
Visualization  and  Computer  Animation, 
special  issue  on  Simulation  and 
Motion  Control,  Vol.  4,  No.  1,  pp. 
13-24,  January  -  March  1993. 

Zyda,  M.J.,  Monahan,  J.O.,  and  Pratt, 
D.R.,  "NPSNBT:  Physically-Based 
Modeling  BnhancesMnts  to  an  Object 
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Fll*  toxmmt, •  chapter  in  Creating  and 
*>mA***^;f"1*  the  Virtual  world.  Madia 
Magnenat  Thalawnn  and  Danlell 
Thalaann,  ada..  Springer -Varlag, 
Tokyo,  pp.  35-52,  1992. 

DeHawaer,  M.J.  and  Zyda,  M.J., 
■Siopllcatlon  of  Ob j acta  Rendered  by 
Polygonal  ApproxisMtiona , "  Connutera 
ft  Oraphica,  Vol.  15,  Mo.  2,  1991, 
Oreat  Britain:  Parganon  Praaa,  pp. 
175-184.  Paper  received  "Beat  Paper 
1991"  award  from  an  international 
aalactlon  coamittee  appointed  by  the 
editor  of  Comnutera  ft  Granhica .  29 
Septeadbor  1992. 

Pratt,  O.,  Zyda  M.,  Falby,  J., 
Aiabum,  P.,  and  Stytz,  M.,  "MPSMBT 
and  AFIT-HOTAS:  Interconnecting 
Reteorgeneoualy  Developed  Virtual 
Rnvironfflanta,  ”  in  "Toaiorrow'a 
Realltiaa  Gallery, "  in  Proceedinga  of 
the  Coaiputer  Graphica  Viaual,  ACM 
SIGGRAPH  '93. 

Zyda,  M.J.,  Loaibardo,  C.,  and  Pratt, 
D.R.,  "Bypemedia  and  Networking  in 
the  Developaient  of  Large-Scale 
Virtual  Bnvirozuaenta, ”  in  Proceedinga 
of  the  International  Conference  on 
Artificial  Reality  and  Tale- 
Sxiatence,  Tokyo,  Japan,  6-8  July 
1993. 


Nilaon,  K.P.,  Zyda,  M.J.,  and  Pratt, 
O.R.,  "MPSGDL:  An  Object  Oriented 
Graphica  Daacription  Language  for 
Virtual  World  Application  Support," 
in  Proceedinga  of  the  Third 
Kurographica  NOrkahop  on  <Ajeet- 
Oriented  Graphica,  Chaapery, 
Switzerland,  28-30  October  1992. 

Pratt,  D.R.,  Zyda,  M.J.,  Mackery, 
R.L.,  and  Falby,  J.S.,  "MPSMBT:  A 
Networked  Vehicle  Siaulator  with 
Hierarchical  Data  Structures,"  in 
Proceedinga  of  the  IMAOT  VI 
Conference,  Scottsdale,  AZ,  14-17 
July  1992. 

D(H>  KBT  TBCHMOLOGT  ABBAt  Software, 
CoB^uters . 

KBTNORDB:  Software,  Networking 
Format. 
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Mathods  for  Coac»utar -Aided  Software  Davalopaisnt,  Montaray,  CA,  October  1993. 

Luqi,  "How  to  Use  Prototyping  for  RaquiraManta  Inginaaring, "  im/ACM  Syavosiua 
on  RaqulrasMnts  Inginaaring,  San  Diego,  CX,  January  1993. 

Luqi,  Shing,  M. ,  Bamas,  P.,  and  Hughes,  0.,  "Prototyping  Hard  Raal-Tlaa  Ada 
Systaas  in  a  Clasarooa  mvironaant, "  7th  Annual  Ada  Software  InglaaariBg 
Iducation  and  Training  Syapoaiua,  Montaray,  CA,  12-14  January  1993. 

Luqi,  "Conpu  tar -Aided  Prototyping  -  Status  and  Bxpariatants , "  International 
Syaposlua  and  Workshop  on  New  Models  for  Software  Architaetura,  Ranasawa,  Js^an, 
8  Movaabar  1993. 

Pratt,  D.,  Zyda,  M.,  Falby,  Jr.,  Aad»um,  P.,  and  Styts,  M.,  "MPSMR  and  AFXT- 
HOTAS :  Interconnecting  Hataroganaously  Developed  Virtual  Invirnnaanta  in 
Toaorrow's  Realities  Oallary,"  ACM  SIOQRAPH  '93,  1993. 

Raaash,  B.  and  Luqi,  "Process  Knowledge  Based  Rapid  Prototyping  for  Raquiraasnts 
Inginaaring, "  Illl/ACM  Syapoaiua  on  Raquiraaants  Inginaaring,  San  Diego,  CA, 
January  1993. 

Rowe,  M.C.  and  Suwono,  P.,  "Aiding  Teachers  in  Constructing  Virtual-Reality 
Tutors,"  Fourth  Annual  Conference  on  Artificial  Intelligence,  Siaulation,  sad 
Planning  in  High  Autonoay  Systaas,  Septeaber  1993. 

Rowe,  N.C.,  "Inferring  Depictions  in  Hational- Language  Captions  for  Ifficient 
Access  to  Picture  Data, "  July  1993 . 

Rowe,  M.C.  and  Ougllelao,  I.J.,  "Ixploiting  Captions  in  Retrieval  of  MUltiaedia 
Data- Inf oraatlon  Processing  and  Manageaant,"  1993. 

Volpano,  D.M.,  "Type  Inference  in  Polya,"  Maval  Ocean  Surveillance  Center,  San 
Diego,  CA,  April  1993. 

Wu,  T.C.,  "An  Integrated  Visual  Invironstent  for  Relational  Databases,"  poster 
presentation  at  the  HCI  International  Conference,  Orlando,  FL,  August  1993. 

Zyda,  M.J.,  "HPSMIT  and  AFIT-HOTAS:  Interconnecting  Heterogeneously  Developed 
Virtual  Invironments, "  SIOQRAPH  '93,  Anaheiai,  CA,  2-8  August  1993,  (the 
presentation  at  SIOORAPH  was  a  live  dea»nstration  showing  the  HPSMIT  syntesi 
running  networked  over  several  IRIS  workstations,  and  the  DSI) . 

Zyda,  M.J.,  Losbardo,  C.,  and  Pratt,  D.R.,  "HypersMdia  and  Metworklng  in  the 
DevelopsMnt  of  Large-Scale  Virtual  InvlronsMnts, *  International  Conference  on 
Artificial  Reality  and  Tele-lxlstance,  Tokyo,  Japan,  6-8  July  1993. 
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Th«  r«a««rch  prograa  of  th«  Doportaont  of  lloctrical  and  Coaputar  Inglnaorlng  is 
vary  broad,  raflactlng  tha  varlaty  of  skills  and  intarasts  of  tha  faculty  in 
providing  tachnical  advancaa  and  solutions  to  iaportant  problaaw  for  tha 
DapartsMnt  of  Oaf  ansa.  DoD  Rasaarch  in  SCI  is  strongly  couplad  to  instr\iction, 
both  in  bringing  tha  most  racant  advancaa  into  tha  classroom  and  in  providing 
highly  ralavant  and  unique  thasls  topics  for  officer  students  to  investigate  with 
faculty  guidance. 

Rasaarch  topics  span  tha  following  araas:  Cosmunlcatlons ,  Coaputar  Inginaarlng, 
Blactromagnatlcs ,  Blactro-Optlcs,  Blactronlc  Systems,  Power  Systaau,  Radar  and 
Blactronlc  Warfare,  Signal  Procassing,  Systems  and  Controls,  and  Ohdarwatar 
Acoustics.  Tha  following  coopandlum  categorises  each  rasaarch  project  into  one 
of  the  above  araas.  Soaw  rasaarch  projects  involve  one  or  more  of  these  araas, 
although  they  are  listed  hare  in  only  one  category.  Thera  is  a  strong 
interaction  between  tha  dapartsMnt's  teaching  and  rasaarch  programs,  both  by  tha 
incorporation  of  the  latest  research  into  courses  and  by  tha  involvement  of 
graduate  students  in  tha  projects,  as  indicated  by  tha  numbers  of  theses 
completed. 


coMmuncATiaws 


SIQMAL-TO-NOISB  ENHANCEMENT  PROGRAM  ISKBP) 
RESEARCH  AMD  SUPPORT 
R.W.  Adler,  Senior  Lecturer 
D.Z.  Wadsworth,  Senior  Lecturer 
W.R.  Vincent,  Senior  Researcher 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  C0MMAVSEC6RU 


OBJBCTIVB:  Continued  research  and  development  in  techniques  to  improve  tha 

signal -to-nolse  ratio  at  Navy  receiving  sites  worldwide. 

SaHARX:  Development  of  techniques  and  niethodology  for  identifying  and  locating 
radio  noise  sources  at  NSO  sites  worldwide  continued.  The  initial  version  of  the 
Automated  Performance  Evaluation  Technique  for  HP  receiving  sites  was  completed. 
Support  was  provided  to  NGS  via  review  of  pro -survey  planning  documentation, 
mitigation  plans  and  authoring  "Quick-I,ook”  and  final  site-survey  reports. 
Students  and  NSG  site  personnel  were  trained  as  part  of  the  NSO  support.  A  2  1/2 
day  HP  technical  review  of  Pactors  that  Affect  Performance  of  Naval  Receiving 
Sites  was  hosted  for  CNSO. 

POBUCATXCMSs  Two  Conference  Papers,  throe  Technical  Reports,  and  nine 
Conference  Presentations.  Two  MS  Theses  were  produced. 


97 


DOO  m  TMBMOLOOT  JUUtH:  Sansora. 

UraUKUSi  Blactroaagnatic  •nvlronaantal  affacts,  cooBunlcation  mymtmmm,  aan-Mda 
nolaa . 


COMMUMICATIOM  SYSTEM  PgRFORMANCB  EVALUATION  AMD 
HIGH  LATITUDE  PROPAGATION  RESEARCH 
R.W.  Adler,  Senior  Lecturer 
W.R.  Vincent,  Senior  Researcher 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Fiinding:  COMNAVSECGRU 


MUaCTXVBt  Tha  goal  of  this  sixth  yaar  of  a  continuing  projact  was  to  conduct 
nuBMrical  analysis  and  axparisMntal  rasaarch  in  support  of  tha  Mavy's  raquiraeant 
to  sita  VLF  through  VHF  consiunication  antanna  systams  and  support  aquipsiant  in 
non-ldaal  locations  such  as  polar  and  aqua tor ial  ragions  containing  ruggad 
tarrain.  X  program  of  support  for  Invastlgating  tha  radiowava  propagation 
charactarlstics  of  tha  polar  (high-latituda)  and  tha  aquatorial  ionosphara  was 
initlatad  in  1990  and  continuad  in  1993. 

snKXKTt  Ihiring  this  sixth  yaar  of  tha  affort  numarical  a»dals  of  antannas  wara 
davalopad  for  usa  at  a  naw  MSGD  sita  in  Shamya,  XX.  Tha  alactrical 
charactarlstics  of  tha  aarth  at  savaral  dosan  NSO  sitas  wara  maasurad  and  usad 
to  pradlct  tha  affact  of  tha  ground  banaath  antannas  daployad  at  tha  sitas. 
NusMrieal  modals  of  coamareial  and  NFS -built  HF  racaivlng  antannas  wara  davalopad 
and  usad  to  provlda  gain  valuas  for  an  ionospharic  fiald  strength  modal. 
Salaetad  HF  ionospharic  propagation  prediction  codas  wara  evaluated  and  compared 
to  measured  data  for  polar  ragions.  NFS  has  bean  salaetad  as  tha  agency  to 
oversea  tha  development  of  theoretical  and  numarical  modals  for  tha  affects  of 
irregular  tarrain  on  tha  parforoianca  of  HF  and  VHF  antannas.  Fann  State,  UJIL, 
and  NFS  ara  in  tha  last  yaar  of  davalopmant  of  different  types  of  terrain  affects 
a»dals.  This  projact  will  integrate  these  siodals  into  tha  trl-sarviea  RF  Mission 
Flannlng  Workstation,  being  davalopad  by  tha  sponsor.  X  thraa-day  confaranca  on 
Trans-Bguatorlal  and  Naar-Bquatorial  Fropagatlon  was  hostad  at  NSF  in  Juna  1993 
for  CMSO. 

FOBtTCXTlOWS ;  The  research  produced  one  confaranca  paper,  three  technical 
reports  and  two  NS  thasas. 

OOD  XBT  TSCHHOIiOOT  AKBAi  Sensors,  Bnvironmantal  Bf facts. 

KBXNUKDSt  Blactrofltagnatic  anvlronstantal  affects,  conminioation  systams,  man-made 
noise,  antannas,  radiowava  propagation. 
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FIELD  STATION  RESEARCH  AND  SUPPORT 
R.W.  Adler,  Senior  Lecturer 
W.R.  Vincent,  Senior  Researcher 
D.Z.  Wadsworth,  Senior  Lecturer 
Department  o£  Electrical  and  Conqputer  Engineering 
Sponsor  and  Funding:  U.S.  Army  INSCOM 


OBJBCTZVB:  The  Amy's  SIGIMT  sites  In  Korea  were  subjected  to  an  investigation 
by  the  NFS  Signal  Bnhancentant  Lab  staff  to  assess  performance  and  to  identify 
factors  that  were  degrading  performance. 

SnMHASX:  The  Army's  Field  Station  KOREA  Tactical  SIGINT  site  at  Camp  Humphrey 
required  a  thorough  site  performance  Investigation.  MPS  used  techniques 
developed  for  the  Naval  Security  Group  RFDF  sites  to  Identify  the  key  factors  of 
the  installation  that  must  be  addressed  if  site  performance  is  to  be  restored  and 
maintained.  One  of  the  three  DMZ  detachsients  was  also  visited  by  the  NFS  team 
to  assess  the  state  of  performance  and  identify  factors  that  degraded 
performance.  Recommendations  for  mitigation  of  noise  sources  which  were  located 
was  made. 

FaBUCATiaHS :  The  research  resulted  in  one  technical  report  and  three  MS  theses. 
tXJD  MXt  THCBMOLOGF  AREA:  Sensors. 

KRMOKDS:  Electromagnetic  environmental  effects,  comonunica t ion  sys tests,  man-swde 
noise . 


PANSAT  COMMONICATIONS  SYSTEM  DESICaj 
Trl  T.  Ha,  Professor 

Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Fimdlng:  SPAWAR  40,  Naval  Postgraduate  School 

OBJBCTXVB:  The  purpose  of  this  research  project  is  to  design  and  build  a 

breadboard  direct  sequence  spread  spectrum  transreceiver  for  the  Fetite  Amateur 
Navy  Satellite  (FANSAT) . 

SCHMAKT:  A  direct  sequence  spread  spectrum  (DSSS)  transreceiver  for  FANSAT  was 
designed  and  was  built.  The  transreceiver  was  designed  to  operate  at  9600  bps 
and  has  a  pseudo-noise  (FN)  sequence  length  of  127.  The  system  consists  of  six 
boards.  Board  1  is  the  transceiver  front-end.  Board  2  contains  IF  and  detection 
circuits.  Board  3  is  the  receiver  tracking  circuit.  Board  4  is  the  BFSK 
demodulator.  Board  5  is  the  BFSK  modulator.  Board  6  contains  the  FN  generator 
and  differential  encoder.  Additionally,  Board  6  acts  as  the  Interface  between 
the  transreceiver  and  the  digital  control  system. 

FDBUCCATiami :  Three  theses  were  produced. 

DOD  XET  TECBNOLOOT  AREAS:  Communications,  networking 
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SBQUmriAL  ACQUISITION  SCHgMBS  FOR  SSIfll  SYSTEMS  WITH 
qgWBRALlZBD  8ICtt»TUR8  SBQUBHCBS 
Al«x  W.  Lam,  Aasoclate  Profeaaor 
Dapartmant  of  Blactrical  and  Coaputar  Enginaaring 
Sponaor  and  Funding  t  Amy  Raaaarch  Offlca 


OBjaCTZVSs  Tha  goal  of  thla  projaet  waa  to  Invaatlgata  faat  aaquantlal 
aequlaltlon  achaaMa  and  ayataa  parfonanca  of  apraad-apactrtin  ayataaw  with 
eoaplax  algaatura  aaquaneaa. 

SOMiaSTt  Thla  continuing  raaaarch  waa  to  Invaatlgata  aaguantlal  coda  aaquanca 
acgulaltlon  achaaMa  for  apraad-apactrun  aultlpla-accaaa  coBBunlcatlona  ayataaa 
with  ganarallsad  algnatura  aaquaneaa.  Taat,  robuat  aaquantlal  coda  aaquanca 
aequlaltlon  achaaMa  wara  davalopad  and  analyaad  for  ayataaM  with  or  without  tha 
praaanea  of  data  aMdulatlon.  ParaaMtrle  and  nonparamatrle  achanaa  wara  propoaad. 
Noneoharant  and  M-ary  digital  aMdulatlona  wara  aaployad  togathar  with  tha 
ganarallsad  (nonbinary  and  polyphaaa)  aaquaneaa.  Product  aaquaneaa  that  wara 
afflelant  for  rapid  aniltlpla-laval  aaquantlal  and/or  parallal  datactlona  wara 
propoaad.  Tha  raaulta  wara  aaaantlal  to  tha  undaratandlng  of  tha  ayataa 
afflelaney  and  rallablllty. 

PWmiTCThTXOms  I  Tha  raaaarch  produced  two  eonfaranea  papara  and  ona  thaala. 

POO  nr  TTHOOTXWT  AlPht  Ccaaunleatlona  Patworklng. 

mNOHUSt  Spread  apactrua,  aaquantlal,  aaquanca  aequlaltlon,  CSMh. 


DBVBLOPMBWT  OF  PROTOCOLS  FOR  MARITIME  MOBILB  COMWONICATIOHS 
R.  Clark  Robertson,  Associate  Professor 
Trl  T.  Ha,  Professor 

Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  U.S.  Coast  (3uard  Research  and 

Development  Center 


OBJBCTXVSt  Tha  purpose  of  this  research  prospraa  la  to  dataralna  lAimt  Open  Syataa 
Xntareonnaetlon  (OSI)  data  eoantunlcatlon  protocols  can  ba  used  to  provide 
affective  and  afflelant  data  eoaetunleatlons  for  radlo-baaad  BMrltlma  aoblla 
sarvleaa  (Including 
aatalllta  ayataaM) . 

SOMKRTs  Data  eoaoiunlcatlons  are  bacoadng  worm  extensively  used  In  tha  SMrltlaM 
Mobile  aarvleas.  With  no  currant  general  protocol  profile  that  can  ba  used  for 
data  ccaaninleatlons  between  anblla  services,  protocols  that  adhere  to  tha  08X 
standards  need  to  ba  davalopad.  Tha  Isplanantatlon  of  such  protocols  will  allow 
Multiple  shipboard  aqulpMsnt  to  coaMRuileata  via  a  shlpboma  network  and  than 
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trannlt  th«  data  to  a  shora-basad  nataork  in  an  affleiwit  —innTr  kutoaatle 
Rapaat  raQuaat  (ARQ)  tachnlquaa  ara  oftan  usad  by  paekat  awltehing  natwerks  to 
provida  arror  fraa  coonunicatlon  linka  batwaan  nataork  nodas.  Inforaation 
throughput  ia  highly  link  dapandant;  aa  tha  noiaa  or  Intarfaranca  on  tho  link 
incraaaaa,  througl^ut  daeraaaaa.  To  iaprova  throughput  on  a  paekat  aaitehing 
coaaninlcationa  nataork,  an  adaptiva  ARQ  atratagy  aaa  davalc^ad  and  applied  to  tha 
Stop-and  Wait  (SW)  protocol.  A  coevariaon  of  tha  througlq^ut  affielaneiaa  of  tha 
aiaulatad  adaptiva  SW  protocol  alth  tha  non-adaptlva  SW  protocol  ahoaa  a  aarkad 
inprovanant  in  throughput  whan  tha  caaaninlcation  linka  ara  aubjaetad  to  hi{d^ 
channal  bit  arror  rataa. 

PURTiTCATIOWt  Ona  taehnleal  raport  waa  produead. 

DOO  KRT  TRCBWOliOar  ARRAi  Connmieatlona  Natworklng 

xnwOKDS:  Opan  Syatam  Intarconnact  (OSI) ,  protoeola,  data  criaawin i  cationa  network 


PERFORMANCE  OF  FAST  FRBOnEMCY-HOPPgP 
M-arv  FREQUENCY-SHIFT  KEYING  SYSTEMS  OVER 
FADING  CHANNELS  WITH  PARTIAL-BAND  INTERFERENCE 
R.  Clark  Robertson,  Associate  Professor 
Department  of  Electrical  and  Coa^uter  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OOJWCXTVWt  Tha  goal  of  thia  project  ia  to  datandna  tha  Slaetronic 
Counter -Counter  Maaauraa  (BCCM)  potential  of  varloua  rPH/MTSK  coaeain icationa 
ayatana  under  eondltlona  of  worat  caaa  hoatila  Blactronic  Counter  Maaauraa  (BCM) 
and  fading  channala. 

SnankRTi  The  parforaianea  of  an  M-ary  orthogonal  fraquancy-ahlft  keying  (MP8X) 
eaaanuiicatlon  ayatam  aaqploylng  faat  fraquancy-hoppad  apraad  apactrue  wavafoxas 
tranaadttad  over  a  frequancy-nonaalactiva,  alowly  fading  channel  with 
partial -band  Intarfaranca  waa  analyzed.  A  procedure  rafarrad  to  aa 
noiaa-nomlization  coablnlng  waa  aaployad  by  tha  ayatae  receiver  to  ainiadza 
partial -band  Intarfaranca  ef  facta.  Bach  hop  waa  aaauead  to  fade  independently. 
Tha  partial -band  intarfaranca  waa  nodalad  aa  a  Oauaaian  procaaa.  Both  tha  algnal 
and  tha  partial -band  intarfaranca  ware  aaauzMd  to  be  affected  by  tha  fading 
channel  idilch  waa  mdalad  aa  Rician.  Tha  affect  of  fading  of  tha  partial-band 
intarfaranca  on  worat-caaa  receiver  parfozaanca  waa  relatively  minor.  Whan  there 
waa  no  algnal  fading  or  whan  tha  algnal  fading  waa  Rician,  than  tha  counter¬ 
intuitive  raault  of  poorer  racaivar  performance  whan  tha  partial -band 
intarfaranca  ejqparlancad  fading  waa  obtained.  Thia  affect  waa  moat  proaouncad 
idian  tha  algnal  did  not  fade  and  tha  partial -band  intarfaranca  axpariancad 
Rayleigh  fading. 

FOBUCAnOMi  Tha  reaaarch  produead  ona  conference  paper. 


TMCHMOhOOr  ARRAx  Other. 


USMOHUSx  Spread  spactrua,  fast  fraquancy-hopping,  partial -band  intarfaranea 
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DIGITAL  SYSTEM  DBSIGW  USING  MULTIPLE -VALDgP  LOGIC 
J.T.  Butler,  Professor 

Department  of  Electrical  and  Cooiputer  Engineering 
Sponsor  and  Fxindlng:  Naval  Postgraduate  School 


OBjacnvi:  Thia  project  la  directed  toward  the  davalopaant  of  coagxutar- aided 
design  tools  for  sniltipla -valued  circuits.  Specifically,  our  effort  is  directed 
to  further  developing  the  slanilatad  annealing  technique,  a  search  technique  that 
can  potentially  produce  exact  designs,  unlike  heuristic  approaches  proposed  by 
other  resaarchara. 

SOaiaSTt  Significant  progress  was  siade  in  four  areas  t  1.  extension  of  the 
slanilated  annealing  technique,  2.  use  of  feedback  in  ioproving  coad»inational 
logic  circuit  design  3.  use  of  the  pseudo -Xronecker  expansion  for  use  in 
designing  fleld-prograsnable  logic  arrays,  and,  4.  use  of  the  universal  literal 
for  prograasuble  logic  array  loplesientatlon. 

Our  present  work  on  slsnilated  annealing  showed  that  this  technique  has 
significant  promise  in  designing  stul tipis -valued  prograsatable  logic  arrays  (MVL- 
PIA)  [Butler,  1993]  .  An  important  benefit  was  the  potential  for  fining  the 
sdnisuil  site  MVL-PLA  in  every  case,  a  quality  not  shared  by  any  other  known 
approach.  Our  esqxerlmsntal  results  confirmed  that  it  produced  aK>re  efficient 
designs  than  any  other  known  approach.  However,  simulated  annealing  is  a  search. 
We  developed  our  algorithm  so  that  the  search  could  bo  conducted  by  multi¬ 
processors,  and  showed  the  relative  sMrit  of  various  nxxsdsors  of  processors 
[Ylldlrlm,  Butler,  and  Yang,  1993} .  In  conventional  simulated  annealing,  there 
is  the  possibility  that  the  search  will  occur  repeatedly  the  same  part  of  the 
search  space.  To  avoid  this,  we  developed  an  algorithm  that  used  history  to 
decide  on  directions  of  search,  and  prograsmMd  it  so  that  it  would  tend  to  8»ve 
away  from  regions  already  searched.  This  is  called  a  "tabu”  search,  because  it 
labels  as  tabu  moves  that  would  take  it  to  regions  already  visited.  The  result 
showed  that  we  could  either  produce  better  results  in  the  sasM  time  as  classical 
simulated  annealing  or  we  could  obtain  comparable  results  in  a  shorter  time. 

A  very  Interesting  discovery  was  that  feedback  in  combinational  logic  circuits 
could  be  used  to  significantly  reduced  circuit  complexity  in  multiple -valued 
circuits  [Butler  and  Sasao,  1994] .  Feedback  is  comswnly  used  in  sequential 
circuits,  circuits  that  "remesdjer”  past  Inputs.  Most  design  engineers  associate 
feedback  only  with  sequential  circuits.  Our  discovery  was  that  feedback  could 
bo  used  to  significantly  reduce  the  complexity  of  multi-output  circuits. 
Specifically,  we  showed  a  combinational  circuit  that  had  only  six  gates  with 
feedback,  while  the  sasw  condxinatlonal  circuit  without  feedback  requires  at  least 
ton  gates.  We  are  very  Interested  in  pursuing  this  result  to  better  understand 
it,  so  as  to  awke  it  useful  in  Navy  computing  applications. 
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N«  hav«  b«gun  to  study  ths  dssign  of  flold  prograsubls  gats  arrays  IWPQA'm) . 
8uoh  dsviess  havs  potsntlally  battsr  danslty  ei^ability  than  PLX's.  Ws  show  an 
algorltliB  for  ths  gsnsratios  of  naar-adnimal  dssigns  that  usss  tho  Krmisoksr 
rsprasontatlon  [Sasao  and  Butlsr,  1994] . 

In  anothsr  sffort,  ws  showsd  that  ths  uss  of  ths  unlvsrsal  litsral  rsqulrss 
significantly  saallsr  PLK  arsa  than  ths  uss  of  eonvsntional  "window*  litorals 
(Duoek  and  Butlsr,  1994] . 

POBTiTCBTlOWS i  Ths  rsssarch  producsd  ons  journal  articlo,  two  confsrsnos  papsrs, 
thrss  aeesptsd  oonfsrsnes  papsrs  for  1994,  and  ons  MS  thssls. 

DOO  xn  nCHMOhOOr  BBBBx  Coaputsrs,  Coaputsr-aidsd  dssign. 

KnWQBDSt  swltipls-valusd  logic,  caaputsr-aldsd  dssign,  prograassbls  logic 
arrays,  flsld  prograamabls  gats  arrays. 


RADIATION  TOLERANT,  HIGH-SPBBD, 

LOW- POWER,  GALLIUM  ARSBNIDB  DYNAMIC  LOGIC 
Douglas  J.  Pouts,  Assistant  Professor 
Department  of  Electrical  and  Ccaqputer  Engineering 
Sponsor  and  Funding:  SPAWAR 


OBJBCTZVB:  Oalllun  Arssnlds  (Oaks)  digital  logic  is  now  ths  tschnology  of  oholcs 
for  high-psrfomancs,  tsrrss  trial -bassd  eoaiputors  and  digital  systsaui. 
Purthannoro,  rsssarch  has  shown  that  OaAs  XCs  ars  inhsrsntly  hard  against  long- 
tsm  s:g>osurs  to  high  Isvsls  of  ionising  radiation.  This  tends  to  asks  OsAs 
logic  Idsal  for  uss  in  high-psrfonsancs,  spacs-bassd  cosiputsrs  and  digital 
systssw.  Bowsvsr,  OaAs  logic  suffers  from  single  event  upset  (SBO)  problsee  in 
high  radiation  snvironsMnts .  Ths  purpose  of  this  thrss-ysar  project  is  to  study 
snd  quantify  tho  SBU  problsn  in  OaAs  logic,  and  to  develop  SBU-tolsrant  logic 
circuits.  Ths  effort  is  concentrating  on  dynaalc  logic,  such  as  Two  Phass 
Dynasde  PBT  Xioglc  (TDPL) ,  bocauss  of  its  lower  power  consusption  coepared  to 
static  logic. 

saanuart  custom  hardware  for  conducting  radiation-induced,  single  even  iqpsst 
testing  of  OaAs  dynaadc  logic  has  been  designed,  constructed,  debugged,  snd 
tested.  The  hardware  has  bosn  used  to  test  sxisting  OsAs  dynssdlc  logic  circuits, 
especially  Two-Phase  Dynasde  FIT  Logic  (TDFL) ,  for  susceptibility  to  8E0m.  With 
this  information,  predictions  have  been  ude  about  the  error  rate  for  OaAs 
dynamic  logic  circuits  in  a  spacecraft  in  a  geosynchronous  orbit  of  approximately 
22,500  sdles.  The  initial  tasting  phase  of  tho  project  is  now  complete. 
Results  indicate  that  OaAs  TDFL  has  about  the  same  sensitivity  to  SIDs,  or  is 
perhaps  a  little  less  ssnsltive,  than  the  s»re  common  foraw  of  OaAs  static  logic, 
such  as  Directly-Coupled  FBT  logic  (DCFL) .  This  is  a  significant  result  because 
prior  to  this  research,  it  was  assumed  that  dynamic  logic  was  more  sensitive  to 
SBDs  than  static  logic.  OaAs  dynamic  logic  can  now  be  used  in  place  of  OaAs 
static  logic  in  new  spacecraft  systems,  which  will  result  in  a  significant  power 
saving  idille  maintaining  high  speed  operstlon.  The  preferred  method  for 
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laorMslng  8MU  tolarane*  Is  to  chsngs  ths  logic  circuit  at  tha  transistor  loval 
by  utilising  tsohniquas  such  as  redundancy.  This  frsas  tha  logic  daslgnar  and 
tha  systasi  architect  froai  having  to  worry  about  BKUm,  and  is  also  lass  anpanslva 
than  altamata  awthods,  such  as  aodifying  tha  fabrication  process  to  raduea 
transistor  vanarability.  Tharafora,  ongoing  rasaarch  is  attsapting  to  develop 
dynaalc  logic  circuits  that  arc  even  sore  tolerant  of  the  transient  errors  caused 
by  810s.  New,  experisMntal  Oahs  logic  circuits  have  boon  designed,  and  their 
operation  has  been  slaulatod.  A  new,  full  custooi,  810  test  and  evaluation  ZC  has 
been  designed  and  lapleaented,  and  is  currently  being  fabricated.  The  purpose 
of  the  test  and  evaluation  ZC  is  to  provide  a  aethod  for  evaluating  the 
oharaoteristica  of  the  now  logic  circuits,  both  under  normal  environsmntal 
conditions  and  under  radiation. 

PONTiTCATXONS »  Two  MS  theses  have  been  produced. 

Ul'NBiRi  The  primary  research  output  from  this  project  has  been  eustem  hardware 
for  conducting  radiation- induced  single  event  upset  testing  of  OaAs  dynamic 
logic.  Also,  in  addition  to  the  journal  publication  and  the  two  related  theses, 
bimonthly  progress  reports  have  been  written  and  forwarded  to  the  contract 
monitor.  8evoral  of  these  progress  reports  have  been  at^plied,  by  request,  to 
an  industrial  corporation,  and  the  results  of  this  research  have  already  been 
incorporated  into  the  design  of  a  new  NA8A  satellite. 

DOO  KNT  TNCmObOar  ASNAt  Coaputers. 

ARIKMtDSt  Radiation  hard  electronics,  high-speed  coaputlng,  space  electronics. 


HIGH  PBRFQRHANCB  COMPOTING  TKCHWOLOQY  FOR 

HKVX  PI9ITMI  gR9gB8gIW9 

Chln-Bwa  Lea,  Professor 

Department  of  Electrical  and  Ccoqputer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJSCnVBi  Zn  this  project  a  typical  Navy  digital  signal  proeesalng  (088) 
problem  la  run  on  a  high  perfonaance  parallel  system.  The  goal  is  to  develop  a 
top  down  design  methodology  to  partition  a  D8P  problam  into  smsslvely 
interconnected  aodules  (MZM) .  Ne  use  tha  VBDX,  language  to  formulate  the  MZM 
modules  so  that  algorithm  decoaposition  were  checked  au team t leal ly. 

SONBUnr:  Beam  Porming  problaaw  for  acoustic  signal  detection  were  used  as  an 
exaaple  to  develop  the  cosvutatlon  loads  smtrics .  These  aetrlcs  included 
computation  bandwidth,  coasRinlcatlon  bandwidth,  memory  bandwidth,  PZ1OP8-ZO  ratio, 
and  Xrfitoney-PZ(0P8  product.  Istlmates  of  these  smtrics  wore  useful  in  decoaposing 
the  total  D8P  tasks.  Form  the  software  and  hardware  point  of  views,  parallel 
systams  with  smssage 

passing  were  the  amst  attractive  approach  for  parallel  processing.  A 
demons tratlon  was  developed  to  show  this  design  approach. 
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VQBLZOkTXOn t  Th*  research  produced  e  trorkehop  paper,  a  conference  presentation, 
and  a  thesis. 

DOO  KR  rmamxum  hUhs  software 

UlWOKUSi  High  perfonanca  eoag>uting,  digital  signal  processing,  bean  forming. 


MASSIVBLY  PARALLEL  SYSTEM  DBSIGN 
Chln-Hwa  Lee,  Professor 

Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Surface  Warfare  Center, 
Dahlgren  Division,  White  Oaks  Detachment 


OBJHCTXVHt  The  objective  of  this  proposal  is  to  showcase  the  systems  engineering 
methodologies  developed  under  the  Systasm  Kngineering  Block.  This  goal  is 
accomplished  by  assessing  the  fundasMntal  tradeoff  between  development  cost,  life 
cycle  cost,  time  and  performance  for  a  boasiformlng  implementation  problem.  This 
tradeoff  analysis  concentrates  on  using  the  specific  metrics  formulated  by  the 
Systems  Bnginaering  Block. 

SaMBKTt  The  Wide  J^erture  Array  (MAX)  served  as  a  showcase  for  the  application 
of  the  methodologies  developed  in  the  Systems  Bnginaering  Block.  The  large 
number  of  hydrophones  in  the  array  regulres  approximately  15  GFLOPS  of  sustained 
throughput  for  full  detection  capability.  Bfficiency,  latency,  performance 
monitoring  and  fault  localisation  (PMFX.) ,  and  real-time  operating  system  overhead 
could  establish  a  100  OPlaOP  peak  throughput  requirement.  These  attributes  enable 
the  Wide  J^erture  Array  In-board  functions  to  serve  as  a  showcase  for  the 
amthodologies  developed  by  the  Systems  Engineering  Block  to  assess  and  model 
real-time  co8q>lex  cosputer  systesw.  In  this  research  a  Calibrated  Napping 
Perforsumce  Paradigm  (CNPP)  was  developed  to  evaluate  the  partition  results. 
Preliminary  result  is  promising. 

POBUCBTXara:  The  research  produced  two  conference  papers. 

DOD  BBT  TBCHNOLOOr  ABBA:  Software. 

BBSWOBDSi  High  performance  cesputer,  digital  signal  processing,  beam  forming. 


PROJECT  GUSTY  ORIOLE 
H.  H.  Loomis,  Jr.,  Professor 
R.  Bernstein,  Instructor 

Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Fiindlng:  Secretary  of  the  Air  Force 


OBJBCTXVB:  To  conduct  research  into  computer  algorithms  and  architectures  for 
the  processing  of  tactical  information.  To  provide  support  for  the  course  Space 
Systeaw  3001,  Military  J^pllcations  of  Space. 
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•nMMDTt  Xitv«atigat«d  JU.gorlttaaa  and  arehltaeturaa  of  ayataaa  for  tha 
produotloa.  dlatributloa  aad  aaalyaia  of  taetieal  infoxaation.  Zavastigatod 
aroliltaeturaa  of  apaeaborna  eoaputar  mymtmm.  Zavaatlgatad  oparational  problaaa 
eoaeamad  with  tba  aaployaaat  of  taetioal  iaforaatloa  for  daelalon  aalrliiig  and 
targatlag.  Coatiimad  roaaareh  into  ebok^polat  ahlppiag  aaalyaia.  yiaitad  aavaral 
allltary  aatalllta  faellitlaa  to  gathar  iafozauitloa  la  auppo^^f  of  M3001. 

■PBUOnoaia  Thraa  thaaaa  wara  produoad. 

DOD  nnr  noonUMf  MOAi  Coaputara. 

UIHOBMi  Military  apaea,  ehokapolat,  ahlppiag  nonltorlag,  traoklag  aad 

oorralatloa. 


COMPILl-TmE  SUPPORT  FOR  THK  PROCESS nW  GRAPH  MlTHQDOLOqY 
OK  THE  AN/UYS-2  PAPhI.I.MI.  SlffllhL  PROCESSOR 
Shridhar  B.  Shukln,  AMaistnnt  Profaaaor 
Dnpartannt  of  Blootrieal  and  Coaqputar  Bnginaarlng 
kmr  Zaky,  Asaiatant  Profaaaor 
Dapartaant  of  Coa^mtar  Scianeaa 
Sponaor  and  Funding:  Naval  Saa  Syataaa  Cra— nd 


oaOMCTZVBt  Tha  goal  of  thla  eoatlaulag  projaet  la  to  davalop  a  nathodology  for 
datamlalag  tha  optlanl  ehalaa  of  prlaitlvaa  la  prooaaalag  graph  nathodology 
(PCM)  applloatloaa  running  on  tha  AW/nTS-l. 

aoWBaTt  Parfomanoa  of  tha  UK/tna-2  ean  ba  Inprovad  If  tba  prlnltlraa  of  tha 
PCM  graph  ara  ehalnad  togathar  approprlataly.  Zn  ordar  to  eonatruet  tha  baat 
poaaibla  ehalna  autoaMtleally  Inataad  of  annually,  a  franawork,  baaad  on  a 
taehnlqua  eallad  ravolvlng  cylindar  aohadullng,  waa  daralopad.  Thla  taehnlqua 
la  baaad  on  napping  tha  graph  at  conplla-tlna  on  a  cylindar  idioaa  ouxvad  aurfaoa 
araa  la  dataradnad  by  tha  nuabar  of  prooaaaora  and  graph  charactarlatlca  auoh  aa 
prlnltlva  eoavutatlon  tlnaa  and  data  arrival  rata.  Tha  potantlal  of  thla 
taohnlgua  for  chaining  aa  vail  aa  for  pradlotabla  axacutlon  vaa  danenatratad  by 
building  a  alaulator  for  tha  MI/0T8-2.  Work  la  in  prograaa  to  datamlna  tha 
faaalblllty  of  daploylng  thla  taehnlqua  In  tha  actual  AN/UMT-Z  progrannlng 
anvlronnant.  Too  thaaaa  hava  baan  ccnplatad  and  thraa  nora  ara  In  prograaa  aa 
part  of  thla  vork. 

PIMbZChnoms  Roaaareh  produced  ona  emfaranco  paper  (von  tha  Outatanding  Paper 
hvard)  and  four  tu  thaaaa. 

DOD  KMT  Tie— OUOgy  AUhi  Coaputara. 

IimoUMi  Raal-tlna,  algnal  procaaaing,  parallel  proeaaalng. 
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DESIGH  AND  PERFORHMfCI  CHARACTBRIZATION  OF  A 
MULTIPURPOSE  DBCBHTRALIZBD  GROUP  MEMBERSHIP  SERVICE 
Shrldhar  B.  Shukla,  Assistant  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Research  Initiation  Program, 
National  Science  Foundation 


Omncrxvii  Th«  goal  of  this  thraa-yaar  pro j act  la  to  davalop  and  charactarlsa 
a  Bultl-purpoaa  and  aealabla  group  maabarahip  aarvlea. 

sonant  Thla  project  foeuaaa  on  tha  atruetura  of  a  group  eawharahlp  aarviea, 
a  basic  building  block  for  group-oriantad  diatributad  applications.  Tha 
obj actives  of  this  project  era  davalopnant  and  parfonumca  characterisation  of 
a  maabarship  sarvica  with  aultipla  classes  of  sarvica.  Tha  aephasia  is  on 
categorical  definition  of  sarvica  classes  to  support  a  wide  spactrue  of 
applications,  adaptive  status  stonitoring  to  ad.niad.Bo  wrongly  parcoivod  status 
changes,  a  coaplataly  dacantralised  and  hiararchial  protocol  requiring  an 
overhead  proportional  to  the  quality  of  the  service  rendered,  and  support  of  a 
spectrum  of  membership  semantics  in  spite  of  transient  network  partitioning. 
Techniques  will  bo  developed  to  support  soasdess  distribution  of  large  groiq^s 
across  a  sat  of  heteroganaous  networks  by  exploiting  the  attributes  of  local 
ccmmunicatlon  envlronsMnts  and  using  topology-based  optladsatlons .  Formal 
techniques  will  be  used  for  specification,  verification,  and  inplomentation  of 
the  protocol.  A  perfonsance  metric  will  bo  developed  for  characterisation  of  the 
perforaumce  of  mesdsership  protocols.  Performance  will  be  studied  with 
simulations  based  on  stochastic  andelling  of  applications,  membership  protocols, 
and  underlying  networks.  The  simulations  will  be  built  using  conmercial  network 
engineering  tools.  The  main  contributions  expected  from  this  research  are  a 
single  multipurpose  membership  protocol  instead  of  the  current  application- 
specific  variety  and  quantitative  performance  characterisation  which  is  currently 
lacking. 


POBUChTZaRB I  Two  theses  were  produced. 

DOO  KR  TKEMOLiOOr  ARKA:  Communications  Networking. 
UmOKUSt  Reliable,  distributed,  siembershlp. 


STUDY  OF  WIDEBANDING  TECHNIQUES  FOR  VHF  ANTENNAS 
Ramakrlshna  Janaswamy,  Associate  Professor 
Department  of  Electrical  and  Conqputer  Engineering 
Sponsor  and  Funding:  U.S.  Army  Communication  etnd 
Electronics  Command 


O0JRCTZVB:  To  investigate  new  techniques  for  widebanding  VHP  wire  antennas  over 
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th«  £r«qu«ncy  rang*  30--90llHs  for  digital  radio  applications. 

SOHOUlTj  In  tho  second  year  of  this  two-yaar  project,  feasibility  studies  were 
carried  out  for  converting  a  slnpla  aonopole  antenna  into  a  wideband  device 
capable  of  operating  at  any  frequency  in  the  30- -90  MBs  range.  Interest  was  in 
frequency  agility  rather  than  in  wide  instantaneous  bandwidth.  Two  sebssMS  were 
evaluated.  In  the  first  scheae,  a  slaple  aonopole  antenna  operating  over  a  ground 
plane  was  loaded  with  fast  switching  TIM  diodes.  The  physical  length  of  the 
aonopole  could  be  varied  by  selectively  switching  ON  or  OFF  the  FIM  diodes  to 
present  approxistately  the  saae  electrical  length  over  the  entire  frequency  band. 
In  the  second  scheae,  a  fixed  length  aonopole  antenna  connected  to  parallel 
configuration  of  several  aatching  networks  which  could  be  tuned  electronically 
was  considered.  The  aatching  networks,  switched  selectively,  render  the  input 
iapedance  as  well  as  the  radiation  pattern  of  the  antenna  relatively  insensitive 
to  frequency.  Overall  efficiency  of  the  antenna,  including  the  insertion  losses 
of  the  PIN  diodes,  current  flow  through  the  diodes,  input  iaipedanee  of  the 
antenna,  and  radiation  pattern  of  the  antenna  were  all  coaputed  using  an  integral 
equation  technique. 

FUBUCMnoaS:  The  research  produced  two  technical  reports  and  one  aaster's 

thesis. 

OOO  KMT  TMCHmOUOax  MWki  Sensors. 

UIMUKDSt  Antennas,  broadbanding  techniques. 


COMPtlTBR  MODEL  FOR  PROPAGATION  QVBR  IRRgqULMt  TBRRMH 
Ramakrishna  Janaawany,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Security  Group  Support  Activity 

OBJBCTZVB:  To  develop  a  cosputer  wdel  for  predicting  HF  wave  propagation  over 
two  and  three  dlaenslonal  terrain  for  siting  antsnna  systasui  under  varying 
terrain  situations. 

StsaOKTs  In  tho  second  year  of  this  two-year  project,  we  have  developed  a 
cosputer  a»del  of  electroswgnetlc  wave  propagation  over  lossy,  irregular  terrain. 
Finite  differences  together  with  near-field  radiation  conditions  were  used  to 
result  in  a  rapid  oodol  whoso  execution  time  is  of  order  0(N)  and  idiose  storage 
requirement  is  of  order  O(M^)  .  Half -space  Oreen'a  function  is  used  to  further 
reduce  the  cosputatlonal  domain.  The  code  computes  the  ground  wave  attenuation 
as  well  as  sky  wave  patterns  for  an  arbitrarily  polarised,  two  dimensional 
current  eleisent  in  the  presence  of  Irregular  and  inhosngoneous  terrain.  The  code 
is  capable  of  handling  huge  terrain  irregularities  extending  a  few  hundred 
wavelengths  where  other  methods  tend  to  mm  inefficient. 

PDBUCATXomS:  As  a  result  of  this  research,  a  technical  report  has  been 

produced,  and  a  journal  article  and  two  confaranca  papers  have  bean  submitted  for 
publication. 


lOS 


SOD  XR  TlilWOfiOOr  ARSaS:  Design  AutoMtlon,  BnvlroxuMntal  Iffacta. 
UZMQWMIt  SM  wava  propagation,  eoavutatlonal  alactroBMgnatica . 


FIBIiD  CANCELLATION  USING  A  COUNTBR-BMP  APPROACH 
Michael  A.  Morgan,  Professor  and  Chalmian 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBjaCTZVBi  Thla  two-yaar  pro j act  Invaatlgataa  a  practical  approach  for  reducing 
blatatlc  radar  croaa  aactlon  ualng  active  cancellation. 

SIMHSKrt  The  countar-KMP  technique  appaara  noat  proadalng  at  radar  fraquanclaa 
below  which  paaalva  naaauraa  auch  aa  ahaplng  and  abaorblng  atatarlala  are 
Inoperative.  Thua  the  active  approach  auty  dovetail  In  frequency  with  the  aora 
conventional  aMthoda  to  provide  ultra-wideband  RCS  reduction  agalnat  future  radar 
dealgna.  Including  laq>ulae  radara.  The  flrat  year  haa  been  devoted  to  analytical 
atudlea  and  nuBMrlcal  alanilatlona  to  conalder  tradeoff  a  of  RCS  reduction  va. 
frequency  range  for  nuaher  and  placement  of  canceler  nodulaa  ualng  wire  a»dala 
of  aircraft  atructurea.  Typical  blatatlc  RCS  reductlona  of  at  laaat  20  dB  over 
all  aapecta  are  obaerved  around  frequenclea  correapondlng  to  canceler  apaclnga 
of  one-fourth  wavelength.  RedurMcna  of  30-40  dB  are  obaerved  for  atlll  lower 
frequenclea.  Gradual  degradation  of  performance  la  obaerved  aa  frequency  la 
Inereaaed  until  canceler  apacl.ig  approachea  one-half  wavelength,  at  which  point 
the  ayatem  falla 

dramatically.  The  aecond  year  will  provide  more  detailed  nuBMrlcal  modeling  and 
begin  to  dealgn  acale  andel  experimental  valldatlona. 

FPRIiTCBTICBli  A  journal  article  la  In  preparation. 

DOO  XBT  rmamXJOST  ARBA:  Senaora. 

XRN0RD8:  Active  cancellation,  RCS  reduction,  low  obaervablea. 


ULTRA-WIDEBAND  IMPULSE  ANTENNA  DESIGN 
Michael  A.  Morgan,  Professor  and  Chairman 
R.  Clark  Robertson,  Associate  Professor 
Department  of  Electrical  amd  Coaqputer  Engineering 
Sponsor:  U.S.  Army  CECOM  Signals  Warfare  Directorate 


OBOTCZZVRx  Ooala  of  thla  project  are  to  conduct  engineering  dealgna,  develop 
teat  procedurea,  and  to  conatruct  and  teat  prototypical  ultra-wideband  Impulae 
receiving  antennae. 

SOaiAST:  Iaq>ulae  antennae  are  antennae  that  are  Intended  to  either  tranaatlt  or 
receive  very  abort  pulaea  of  electromagnetic  energy.  Aa  la  well  known,  abort 
pulaea  have  extremely  wide  bandwldtha;  hence,  lapulae  antennae  by  their  very 
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Mtur*  ouat  ba  wldaband.  Bowavar.  In  ordar  to  aAintain  signal  fidallty,  it  is 
also  vary  ia^ortant  that  tha  ia^pulsa  antanna  not  introduca  significant  phasa 
distortion  into  tha  signal.  Nhat  is  raquirad  is  a  tridaband  antanna  with  not  only 
a  constant  nagnituda  rasponsa  across  tha  bandwidth  but  also  llnaar  phasa  shift 
rasultlng  in  nlniaal  disparslon  of  tha  signal.  Rassarch  into  inpulsa  antannas 
has  baan  vary  Intansa  for  a  nunbar  of  yaars  now,  with  a  najor  application  balng 
tha  smasuranant  of  BMP  signals  rasultlng  fron  nuclsar  axploslons.  A  TBM  horn 
antanna  for  racaiving  inpulsa  signals  with  a  thaoratlcal  bandwidth  of 
100MBs--50Hb  was  dasignad,  construetad  and  tastad  in  1993.  Follow-on  work 
plannad  in  1994  will  consldar  dasigns  for  incraaslng  antanna  gain  and  bandwidth, 
idiila  raduclng  tha  physical  siza  of  tha  antanna  struetura. 

PinUiICIAnOHS  t  Tha  rasaarch  producad  a  tachnical  raport  and  two  confaranca 
papars . 


SOD  BBT  TBCHHOLOOT  ABBA:  Sansors. 

BBXMOSDS:  Ultra -wldaband,  inpulsa  antannas,  TBM  horns. 


EVALUATION  OF  AMTENMA  CHARACTERISTICS  BASED  ON 
AVAILABLE  INFORMATION 
R.  Clark  Robertson,  Associate  Professor 
Department  of  Electrical  and  Conqsuter  Engineering 
Sponsor  and  Funding:  Naval  Maritime  Intelligence  Center 


OBjaCTXVBx  Tha  purposa  of  this  rasaarch  program  was  to  davalop  a  sat  of  usar 
friandly  smthamatical  applications  capabla  of  conputing  tha  radiation  pattara  and 
othar  partinant  antanna  paranatars  of  an  antazma  or  antanna  systam  basad 
avallabla  Infozaation. 

SOMDUtT:  It  is  laportant  to  ba  abla  to  obtain  as  spacific  an  Idaa  as  possibla 
of  tha  capabilitias,  liadtatlons,  and  vulnarabilitias  of  a  particular  antanna  or 
antanna  systam.  Oftantiaas,  tha  only  inforaation  avallabla  is  that  of  a 
photograph  of  tha  systaa  undar  Invastlgation  and  tha  physical  siza  of  tha  systam. 
Oanarally,  this  will  primarily  ba  Infozaation  obtainad  from  a  photograph  and  tha 
physical  diziansions  of  tha  antanna  or  antanna  systam;  although,  tha  applications 
ara  flaxlbla  to  tha  axtant  that  thay  zmka  thair  computation  basad  on  idiatavar 
information  is  avallabla.  Tha  mathaamtlcal  applications  ara  dasignad  to  ba 
oparatad  by  an  anglnaar  familiar  with  basic  antanna  typas.  All  mathamatlcal 
applications  ara  basad  on  axlstlng  anginaaring  aquations  for  tha  antanna  typa 
undar  consldaration.  A  numbar  of  applications  for  various  antanna  typas  havs 
baan  coaplatad. 

POBUCATKMS:  Tha  rasaarch  producad  two  tachnical  reports  and  two  master's 

theses . 

DOO  BBT  TBCHHOLOGT  ABBA:  Sensors. 

BRMOKDS:  Antanna,  radiation  pattern,  antanna  gain. 
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BMP  WAVBPORM  ANALYSIS  FOR  AIRCRAFT  TBSTIIW 
M.  Tummala,  Asaoclata  Profaaaor 
Department  of  Electrical  and  Coiiq;>uter  Engineering 
Sponsor  and  Funding:  SY84,  Aircraft  Division, 
Naval  Air  Warfare  Center, 

Patiixent  River,  KD 


OBJaCTZVBx  Develop  algnal  processing  slgorittaaui  for  the  analysis  of 
alaetroauignetlc  pulse  (BMP)  wavefoma  SMSsured  In  aircraft  testing  and  synthesis 
of  the  SMSSured  wavefonas  to  produce  ccaqposlte  test  signals  for  deterainlng 
aircraft  SMrgln  of  survivability.  This  is  a  three-year  project;  the  work  reported 
here  consists  of  the  results  obtained  during  the  second  year  of  this  effort. 

SOMMABT:  The  Naval  Air  Warfare  Center  (Code  SYSi)  conducts  BMP  testing  of 

aircraft.  In  order  to  logtrove  their  BMP  testing  technigues,  a  nethod  for 
"bounding*  the  stress  waveforms  measured  Inside  the  aircraft  from  a  series  of 
testa  la  sought.  At  each  test-point  in  an  aircraft  under  test,  four  to  eight 
stress  wavefonas  (signals  received  at  a  teat-point  in  response  to  a  simulated  BMP 
pulse)  are  measured.  These  signals  are  currently  sampled  at  1.3  (Ss  with  the 
bandwidth  of  interest  being  from  about  10  IcHz  to  100  MHz.  Three  specific  tasks 
ware  identified  to  meet  their  needs:  waveform  compression  for  afficiont  storage, 
stress  waveform  bounding  using  tiaw  series  zndeling  approach,  and  wideband  BMP 
signal  analysis  to  meet  their  near  future  bandwidth  requirements  (10  IcHz  to  200 
MHz) .  The  first  task  has  been  completed  dtiring  Ayi992;  the  second  task  has  been 
cospleted  during  AY1993,  and  parts  of  the  third  task  have  been  undertaken  with 
the  rest  to  be  finished  in  AY1994. 

The  autoregressive  (AR)  modeling  approach  has  been  investigated  for  synthesizing 
the  bounded  waveforms.  In  the  first  task,  the  AR  aiodels  have  been  successfully 
used  for  cosqpresslng  the  BMP  waveform  data;  therefore,  we  have  continued  with  the 
AR  approach  to  generate  the  bounded  wavefonas  as  well.  We  have  fotir  stress 
waveforms  per  test  point,  and  an  AR  aiodel  has  developed  for  each  of  those.  The 
poles  of  the  AR  models  are  then  coniblned  to  synthesize  the  bounded  waveform  using 
two  search  techniques  based  on  vector  quantization  and  competitive  learning 
neural  network  algorlthzis.  In  the  final  analysis  the  bounded  waveform  produced 
were  highly  satisfactory.  Nevertheless,  the  aiethod  is  prone  to  yield  inconsistent 
synthesis  wavefonas  when  the  energy  contents  of  the  underlying  stress  waveforms 
is  significantly  disparate.  This  draxdsack  led  us  to  investigate  the  feasibility 
of  wideband  signal  analysis  techniques  for  this  work,  which  is  currently  in 
progress . 

PUBhlCSATrOWS s  Two  theses  were  produced  and  a  report  is  in  preparation. 

Ol'HBK:  Software  developed  in  Matlab  for  BMP  signal  analysis  was  delivered  to 
Code  ST84,  MAWC;  it  has  bean  tested  by  their  persoxmel  on  their  test  database. 

DOD  KBY  nCHH0U)GY  ABBA:  Sensors 

BRWQRDSt  Data  compression,  BMP  waveform,  autoregressive  modeling 
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P.E.  Pace,  Aeeletant  Professor 
Department  of  Electrical  and  Cos^uter  Engineering 
Sponsor  and  Funding:  Space  and  Naval  Warfare  Systems  Command 


OBJBCTXVSt  The  objaetlva  of  thla  raaaarch  was  to  Invostlgata  tha  faaslblllty  of 
diractly  digitizing,  widaband  antanna  signals  using  high-rssolution  tsebniquss 
to  aebisvs  14 -bits  rasolution. 

SQMMaBT:  An  optical  intarf aroma tar  was  borrowad  from  tha  Optical  Seianeas 

Division  at  NRL  to  initiata  tha  affort  in  tha  MPS  optical  laboratory. 
MaasurasMnts  of  tha  davica  parformanca  wara  takan  and  a  14 -bit  dasign  basad  on 
a  naw  symmatrical  numbar  syatam  was  davalopad.  Sines  tha  intarfaromatar  had  a 
V-PI  of  four  volts  was  daeidad  that  tha  intarf arosMtar  was  in  adaguata  for 
14-bita.  Aftar  savaral  discussions  with  MUi  and  tha  rasaarch  taam,  it  was 
daeidad  to  davalop  a  prototypa  8-bit  dasign  to  study  tha  issuas  that  could 
possibly  giva  problams.  Digital  hardwara  consisting  of  a  logic  block  and  an 
arasabla  programmabla  mamory  was  constructad  to  dacoda  tha  samplad  analog  signal 
into  a  mors  familiar  binary  output.  Xt  was  also  daeidad  to  hold  discussions  with 
NRL  and  Invastigata  tha  possibility  of  fabricating  a  naw  Intarf arosMtar  having 
a  V-PZ  of  0.2  volts  which  can  InstrusMnt  tha  14-bits. 

PDBUCATiamS:  Tha  rasaarch  has  produced  two  eonfaranca  papers,  a  presentation, 
and  two  journal  articles  aceaptad  for  publication. 

DOD  KBT  TKHNOLOenr  ARIA:  Sensors,  Blactronic  Systems. 

nZNOBDSi  Symmatrical  numbar  system,  analog -to -digital  conversion, 

praprocasslng,  optics. 


PASSIVE  EVALUATION  OP  IR  TARGETS 
R.J.  Pleper,  Associate  Professor 
Department  of  Electrical  and  Cos^uter  Engineering 
Sponsor  and  F\mding:  Naval  Postgraduate  School 


OBJSCTZVS;  To  invastigata,  using  both  cxparimantal  maasuramants  and  computer 
modeling,  vlabla  schemas  for  passive  characterization  of  target  range  and  other 
features  basad  on  maasuranwnts  in  tha  IR  bands. 

SCniAKT:  This  project  was  initlatad  in  Quarter  3  of  FY93  and  is  under 
continuation  into  FY94.  A  method  for  passive  ranging  basad  on  the  principle  of 
triangulation  was  investigated.  Tha  sensitivity  of  the  range  prediction  to 
variation  in  tha  bearing  accuracy  was  evaluated  in  terms  of  tha  distance  between 
baselines,  target  orientation,  and  range  to  tha  target.  Tha  dual  baseline  system 
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was  shown  to  havo  significant  tactical  advantages  over  a  single  baseline. 
Related  XR8T  work  which  Included  system  modeling  and  target  signature 
enhancement  was  also  investigated. 

FUBLZCRTIOMSx  The  research  produced  a  master's  thesis.  A  conference  paper, 
presentation,  and  technical  report  are  f ortheoBd.ng . 

DOD  XR  TBCHMOhOCT  ARBA:  Sensors. 

RRSIIQRU8:  Infrared  systesis,  sensors,  polarization  effects. 


PROPAGATION  OF  TRANSIENT  WAVES 
John  Powers,  Professor 

Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJICTXVR:  To  study  the  predicted  propagation  properties  of  transient  acoustic 
and  optical  waves  in  an  effort  to  imderstand  the  propagation  of  very  short  dura¬ 
tion  waves  and  to  use  such  waves  in  imaging  applications. 

SQMMRRT:  With  the  ability  to  generate  short-duration  sound  and  light  pulses 
comes  the  requirement  to  be  able  to  model  and  understand  the  propagation  of  these 
waves,  xmllke  most  line-integral  techniques  presently  available,  these  models 
should  be  computationally  efficient. 

We  have  developed  a  method  of  simulating  acoustic  propagation  in  linear  homogene¬ 
ous  media  based  on  Fourier  transform  techniques.  The  propagation  transfer 
function  represents  a  time-varying  spatial  filter  that  Increasingly  attenuates 
the  higher  spatial  frequencies  of  the  wave  as  time  increases. 

Bffort  focussed  on  implementing  the  model  on  a  large-memory  microcon^uter  using 
the  comsiercial  program,  NATLAB,  and  in  using  visualization  tools  to  display  the 
calculated  four -dimensional  wave  (three  space  dijnenslons  and  tixM) .  Currently, 
we  are  constructing  a  coiiq>uter- controlled  experimental  data-collectlon  system  to 
Bieasure  experimental  acoustic  data  fields  to  confirm  the  technique. 

PQBXiICATXOHS :  The  research  produced  a  conference  presentation,  a  thesis,  a 
technical  report,  and  a  journal  article  accepted  for  publication. 

DOD  KSr  TBCHHOhOCnr  ARRA:  Sensors. 

nemORPSt  Acoustics,  wave  propagation,  transient  waves,  optics. 
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:C  SYSTEMS 


A  STDDY  OP  THE  TKMPBRATDRB  HISTORY  OF  THE 
PANSAT  VEHICLE  OVER  A  SINGLE  ORBIT 
Allan  D.  Kraus,  Senior  Lecturer 
Department  of  Electrical  and  Coiqtuter  Engineering 
Fxmdlng  and  Sponsor:  Naval  Postgraduate  School 


OBJBCnVB:  The  sclantlflc  objaetlva  of  this  research  is  to  use  an  existing 
eoaqputer  code  to  deteratine  the  teaperature  history  of  the  Pansat  vehicle  over  a 
single  orhit.  The  extremes  of  teaq;>erature  for  hoth  the  sunlight  and  shadow  sones 
have  heen  approximated.  It  is  expected  that,  because  of  the  "thexMl  time 
constants,"  Pansat  will  never  attain  these  extresws.  The  actual  and 
adnlmum  temperatures  have  an  impact  on  the  design  of  the  vehicle  and  must  he 
evaluated  before  the  vehicle  design  can  be  made  firm. 

SlMMhBT:  The  Ispact  of  high  and  low  temperatures  on  the  skin  of  a  space  vehicle 
is  well  known.  While  the  glory  of  an  essentially  zero  degree  Kelvin  heat  sink  is 
appreciated,  the  contained  equipment  "sees"  the  skin  as  the  heat  sink. 

PANSAT  is  an  interesting  vehicle  in  that  most  of  its  external  surface  is  covered 
by  solar  panels  and  analysis  of  the  steady  state  performance  of  the  vehicle  in 
both  the  stmllt  and  shadow  zones  have  shown  that  the  skin  temperatures  are 
somewhat  high  (in  the  sunlit  zone)  and  sosiewhat  low  (in  the  shadow  zone)  .  Those 
skin  tesperatures  have  an  izpact  on  the  performance  of  the  storage  batteries  used 
in  conjimctlon  with  the  solar  cells. 

However,  because  the  vehicle  will  not  remain  in  either  the  sunlit  or  shadow  zone 
long  enough  for  the  extreme  tesq>eratures  to  be  reached,  there  is  prosuLse  that  the 
equipment  will  be  exposed  to  more  amenable  skin  temperatures.  This,  led  to  the 
work  statement  for  this  research:  USB  AN  EXISTING  CONPUTBR  CODB  TO  DBTXRMINX  THB 
SINOLB-ORBIT  TBNPBRATURB  PATTERN  FOR  THB  PANSAT  VBHICLB. 

PANSAT  has  been  awdeled  (based  on  up-to-date  Engineering  Information)  both  for 
steady  state  and  transient  thermal  analysis.  The  steady  state  model  has  been  run 
in  order  to  deteradne  the  effect  of  any  design  changes  since  the  last  analysis. 
Weight-specific  heat  data  has  been  Incorporated  into  the  steady  state  a»del  in 
order  to  conduct  the  transient  analysis.  An  iterative  transient  analysis  has  been 
performed  with  the  analysis  cutoff  determined  at  the  point  where  the  temperatures 
at  entrance  at  both  the  sunlight  and  shadow  zones  do  not  differ  by  more  than  0.1 
deg  F  for  three  successive  passes. 

DOD  KBT  TECSIHOLOGT  AREAS;  Environmental  Effects,  Software. 

EBmORDSt  Space  vehicle,  orbital  effects,  sunlit  and  shadow  zones,  computer 
aided  design  and  analysis. 
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K-2C 


Allan  D.  Kraus,  Senior  Lecturer 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  NAS  PAX  River 


OBJICTZVS:  D«t«raln«  th«  faaalblllty  of  using  a  thaxaoalactric  air  conditioner 
in  the  BC-2  aircraft.  The  ultinate  objective  is  to  miniaise  the  inpact  of  the 
discontinued  use  of  Freon  as  a  refrigerant  in  vapor  coopression  air  conditioning 
and  refrigeration  systems. 

snaouirt  Exhaustive  calculations  have  been  performed  to  detensine  the 
feasibility  of  the  eaployaent  of  a  thermoelectric  air  conditioner  to  replace  the 
freon  air  conditioner  (environmental  control  system)  presently  employed  on  the 
B-2C  aircraft. 

POBXilChTIOH:  A  thesis  was  produced. 

DOD  KR  TKHHOX/MST  ABBA:  Environmental  Devices. 

UISQRDS:  Thermoelectric,  Blsauth-Telluride  semiconductor,  vapor  ccaprasslon, 
refrigeration,  air  conditioner. 

ADVANCED  ANALOG  VLSI  DESIGN  FOR  IC*S  AND 
NEURAL  NETWORKS  IMPLEMENTATIONS 
Sheri f  Michael,  Associate  Professor 
Department  of  Electrical  and  Conputer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJmCTXVB:  To  design  and  inplesient  an  advanced  Stray  insensitive  Swltched- 
Capacltor,  Analog  VLSI  as  a  building  block  for  future  Neural  networks 

StHBUnri  Development  of  high  performance,  low  sensitivity  analog  VLSI  is 
proposed  in  this  research.  A  novel  technique  for  designing  advanced  active 
building  blocks  essential  for  VLSI  implementation  is  investigated.  The  new 
designs  are  based  on  the  Cosposlte  Amplifiers,  previously  Introduced  by  the 
investigator.  The  research  goal  is  to  develop  Stray- Insensitive  Swltched- 
Capacitor  analog  building  blocks  that  will  be  used  in  the  follow-up  project  to 
design  and  build  a  high  performance  analog  VLSI  circuits.  The  availability  of 
such  novel  designs  would  play  a  key  role  in  the  practical  iaplementations  of 
Nevural  Networks. 

PDBLICATiaHB:  The  research  produced  two  conference  proceedings,  two 
conference  presentations,  and  four  theses. 

DOD  BBT  TBCSNOLOOT  ABBA:  Electronic  Devices. 


BBXNOBDS:  Analog  VLSI,  low  sensitivity,  switched-capacitors,  neural  networks 
application . 


gQHTRgMtlWq  ACTIVi 


ri: 


ItIWB  gOMPITIPWlRg 


Rob«rt  W.  Aahton,  Assistant  Professor 
Department  of  Electrical  and  Conaputer  Engineering 
Sponsor  and  Funding:  NFS  •-  Research  Initiative  Program 


OmnCTXVBt  Th«  iapl«Mntatlon  of  •  eoeputor  eontrollod  syotea  iriiich  at  laaat 
In  part  actlvoly  coaponsatos  for  haraonlea  in  a  powar  ayataa  with  only  tha 
knowladga  of  tha  bua  voltaga. 


SQHIBSrt  Dua  to  tha  prolifaratlon  of  powar  alaetroniea  davieaa  in  raeant 
yaara,  tha  aa»unt  of  haraonie  currant  injaetad  into  tha  powar  ayataa  ia  on  tha 
ineraaaa  eauaing  undaairabla  voltaga  wavafoxa  diatortion.  Thia  diatortion  can 
eauaa  additional  loaaaa  in  awitehgaar,  rotating  aachinaa  and  tranaforaara. 
Induction  aachinaa  aay  vibrata  dua  to  paraaitic  torquaa  or  not  davalop 
aufficiant  atarting  torqua.  Capacitora  will  aga  faatar  dua  to  axoaaaiva 
dialactric  loaaaa  and  atraaa.  Tha  goal  of  thia  raaaarch  ia  to  inplaeant  a 
ayatae  which  can  at  laaat  in  part  cancal  hamonic  curranta  in  a  powar  ayataa 
with  only  tha  knowladga  of  tha  diatortad  bua  voltaga.  Tha  powar  ayataa 
charactariatica  ara  aatabliahad  through  an  adaptiva  aatiaation  tachniqua  iH^ieh 
faada  and  Activa  Powar  Lina  Conditionar  with  tha  propar  control  inforaation 
through  an  itarativa  procaaa.  Tha  adaptiva  aatiaation  ayataa  could  alao  ba 
uaad  to  aupply  powar  to  a  nuabar  of  dc  loada  whila  at  tha  aaaa  tiaa 
ccapanaating  harannioa  on  a  aourca  ac  bua.  Tha  whola  ayataa  ia  controllad 
uaing  a  paraonal  coaputar  aaking  it  flaxibla  to  tha  naada  of  a  particular 
powar  ayataa. 

PDBLTCATIcmB i  Tha  raaaarch  produced  ona  confaranca  paper  and  ona  MS  thaaia. 
OGO  XR  TMCBMOLOOr  AKMAt  Other. 

XRMDBDSt  Lina  conditionara,  hazaonica,  adaptiva  aatiaation,  active  filtara. 


QJf-ORBIT  A»WEAI.IWq  OF  SATELLITE  SOLAR  PANELS 
Sharif  Michael,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  SPAWAR,  Space  and  Naval  Warfare  Command 


OSJMCrxvSt  Invaatigata  tha  poaaibility  of  on>orbit  annealing  of  aatallita'a 
InP  and  GaAa  Solar  Calla  uaing  tha  new  Minority  Carriara  Aimaaling  Tachniquaa. 

samaxrt  Thia  ia  a  continuation  of  tha  ongoing  raaaarch  on  Photovoltaic  Powar 
Technology.  Raaaarch  taaka  include  tha  davalopnant  and  conplation  of  tha  Solar 
and  Radiation  Laboratory,  tha  davalopnant  of  tha  nicroprocaaaor  baaad 
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Photovoltaic  asqparlaont  as  wall  as  tasting  of  tha  solar  paaals  for  tha  PMIhT 
sstallitas.  Tha  tasks  also  includa  invastigation  of  Photovoltaic  currant 
annaaling  procassas  and  othar  topics  of  alactron  and  proton  radiation  offsets 
on  OaAs,  XnP  and  Si  dovieas. 

PQBLXChTXOHBt  Tha  rasaarch  produead  two  eonfaraneo  procaadings,  a  oonfaronco 
prasantation,  and  a  thasis. 


DOO  Kn  WKJtUOat  AUDLs  llaetronic  Davicas,  KnvirnTwantal  If  facts,  Inargy 
Convarslou. 

KRIRMDSt  Spaea  radiation  affaets,  sstallitas,  annaaling,  radiation  hardening 


PNIHTERRUPTABLB  POWER  SUPPLY  DBSICW 
FOR  COMMONICATIOH  SYSTEM 
Sherlf  Mlchanl,  Associate  Professor 
Department  of  Electrical  and  Cooputer  Engineering 
Sponsor  and  Funding:  Marine  Corps  System  Cosnaand  (DFMQ) 

Quantico,  VA 


OBJICTZVIt  To  davalop  and  dasign  an  Onintorruptabla  powar  supply  for  tha  MIK- 
142  on  board  Marina  HMMNV. 

SOMMlXTt  This  rasaarch  is  proposed  to  Dasign  and  Davalop  a  prototype 
tminterrup table  Powar  Supply.  Tha  result  would  ba  an  isprovad  Power 
Distribution  Panel  that  will  provide  tha  capability  to  aenually  switch  between 
two  AC  sources,  to  the  HMMNV  DC  battary/altamator  or  othar  DC  sources.  This 
would  ba  accoaplishad  with  no  interruption  in  tha  AH/MRC>142  eoeeunication 
systae  operation. 

PDBUCATXOmBi  The  rasaarch  produead  a  prasantation  and  a  thasis. 

DOO  nr  TSCHWHdOOr  ABIA:  llaetronic  Devices,  Inargy  Conversion. 
miOBOSt  unlntarrvvtabla  powar  supply,  reliable  eoaeninlcation  systasi. 


HYBRID  POWER  SYSTEM  FOR  REMOTE  COMMDWICATION  STATI0W8 
Sherif  Michael,  Associate  Professor 
Department  of  Electrical  and  Cosqputer  Engineering 
Sponsor  and  Funding:  U.S.  Coast  Guard, 

Coast  Guard  Island,  Alameda 


OBJaCTXVIt  Developing  a  Photovoltalc/Windturbina  Hybrid  Powar  Hystam  to 
provide  electrical  powar  to  tha  Coast  Guard  Cossnmieation  Stations  in 
different  Alaska  raa»ta  sites. 

SIlIBkXrt  This  rasaarch  is  proposed  to  investigate  tha  possibility  of 
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iaeorporatlng  dl££«r«nt  pow«r  •ystaaa  to  provide  •loetrleal  powor  to  AlMka's 
Coaatal  Voice  Oistreae  network,  operated  by  tbe  U.S.  Coaat  Ouard.  Reaeareb 
taaka  include  iaveatigating  the  per£ormanee  o£  Therao-lleetrie  OeiMratora 
(TIO)  providing  power  to  the  current  ayataaa.  Znveatigating  preaent  and  new 
power  aourcea  teehnologiea .  Znveatigating  di££erant  anergy  raaoureea  available 
at  the  pr^oaed  atationa  aitaa.  Including  aeaaonal  changea  atudiea.  Developing 
and  deaigning  reliable  hybrid  power  ayatena  capable  o£  utillaing  available 

energy  aourcea  at  thaaa  aitaa.  Theae  ayatena  would  probably  incorporate  wind 
power,  aolar  power  and  TIG  ayatena. 

WTiTCatXOWi  A  naatar'a  theala  waa  produced. 

DOO  nr  nCBHOZOOT  AUAt  Energy  Storage,  Knvlronnental  l££aeta.  Energy 
Converalon . 


UlNmUMt  Solar  calla,  wind  power,  hybrid  power  ayatan. 


ULTRA  WIDEBAMD  RADAR  WAVEFORMS  AND  SIQUhL  PROCBSSIHQ 
O.S.  0111,  Visiting  Assoclsts  Profsssor 
Dspartment  of  Elsctrlcal  and  Cos9>utar  Bnglnaarlng 
Sponsor  and  Funding:  Office  of  Naval  Research 


OBiracTZVBi  The  goal  o£  this  pro j act  is  to  Investigate  wave£oras  for  Ultra 
Wideband  (UWB)  radars  and  to  identify  aul table  signal  processing  technlgues. 
The  study  of  wideband  radar  signals  will  also  be  included  in  this  ongoing 
project. 


SimUETt  Znltlally,  the  generation  of  two  different  typaa  of  UWB  wavefoma 
was  undertaken  in  this  project.  Zn  the  iapulse  wavefom  area  an  aeaeaaeent 
was  Bade  of  the  technology  which  is  being  developed  for  high  power  adcrowave 
sources.  Generation  of  high  power  iapulsea  requires  energy  coaipresslon,  that 
is,  aechanlsas  to  stora  and  to  release  the  energy.  The  technology  of  both 
aspects  was  exaBlned. 

The  generation  of  a  second  waveform  baaed  on  Fourier  syntbeaia  waa  also 
examined.  Fourier  based  waveforms  have  several  advantagas  ovar  impulse 
waveforms  such  as  accurate  control  of  pulae  shapes,  pulse  repetition  Interval, 
and  the  spectrum.  This  method  waa  extended  to  the  generation  of  binary  coded 
waveforms.  The  generation  of  such  codes  is  important  as  it  allows  for  the  use 
of  longer  pulses.  These  coded  pulses  contain  more  energy  and  improve  the 
signal  to  noise  ratio  while  still  retaining  the  range  resolution  and  other 
benefits  of  smaller  pulse  widths.  Also,  ambiguity  function  tachniques  were 
employed  to  investigate  the  UWB  waveforms  Including  the  ones  proposed  and 
developed  in  this  study. 

VOBhXCBTXaMBi  Three  master's  theses  have  been  produced  and  two  conference 
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pap«ra  hav«  b««n  aecaptad  for  publication. 
DOO  nr  nCBMOLOOr  nn:  Sansora. 
nrwORDSs  UNB,  wavafonaa,  algnal  proeaaalng. 


RADAR  CROSS  SECTION  AMD  SCATTERING  8TPD1BS 
David  C.  Jenn,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Fmiding:  Naval  Postgraduate  School 


(nJSCTZVB:  Tha  goal  of  thla  raaaareh  waa  to  furthar  anhanca  tha  capabilitiaa 
of  a  aat  of  radar  croaa  aactlon  (RCS)  and  radoM  analyaia  coaiputar  codaa.  Tha 
eodaa  wara  originally  davalopad  during  an  aarliar  phaaa  of  thla  project,  and 
have  baan  dallvarad  to  aavaral  Mavy  laba  (MRaO  and  tha  Naval  Air  Warfare 
Canter  in  China  Lake)  aa  wall  aa  private  contractora. 

RCS  analyaia  haa  baan  applied  to  axially  ayaaMtric  reflector  antannaa, 
including  thair  faada.  Tha  coda  uaaa  tha  Mthod  of  aoaanta  to  accurately 
modal  tha  Intaractiona  between  tha  reflector  aurfacaa  and  food.  A  aacond  coda 
uaaa  a  aiathod  of  momenta  aolutlon  to  evaluate  the  dafocuaing  and 
depolarization  off acta  of  curved  radomaa  on  microwave  acannlng  antannaa.  Thia 
type  of  radoBia  ia  frequently  uaad  in  fighter  aircraft  and  miaaila 
appllcationa,  and  ita  praaonca  can  advaraaly  affect  tha  radar 'a  parf orzumca . 
Thia  aolutlon  la  unique  in  that  it  allowa  tha  radodsa  to  be  in  tha  near  field 
of  tha  antenna.  Thla  aituation  ia  cozaaonly  ancountorad  in  practlca,  and 
cannot  ba  handled  by  the  uaual  radoma  aodala. 

Verification  and  taatlng  of  tha  coaq>utar  codaa  have  baan  complatad. 
Verification  conalated  of  coiiq>aring  cooputad  data  with  pravioualy  publiahad 
maaaurad  and  calculated  data.  NaaaxirazMnta  wore  performed  on  a  AOM-SS  EARN 
radoma  in  tha  NFS  anachoic  chaodbar,  and  good  agraamant  waa  obtained  between 
tha  two. 

Bnhancazianta  included  revlaing  aavaral  of  the  coda  aubroutinea  to  allow  a 
broadar  range  of  antenna  anplituda  and  phaaa  axcitatlona.  With  thaaa  changaa, 
low  aidalobe  and  shaped  beam  antannaa  can  ba  aianilatad. 

PDBUCCATIOHS:  One  journal  artlcla,  three  conference  papara,  and  two  thaaaa 
have  baan  produced. 

DOO  KR  TNCBMOhOGr  ARKA:  Sanaora. 

KRWORDS:  Radomaa,  radar  croaa  section,  antaxmas. 
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ANISOTROPIC  SURFACE  mPKDANCKS 
H.-N.  LIE,  Associat*  Profasaor 
Dapartaant  of  Slactrieal  and  Coaputar  Knglnaarlng 
Sponsor  and  Funding:  Sandia  National  Laboratoriaa 

onncrXVBi  to  Invostlgato  th«  •£ facts  of  iapadaaea  coating  on  the  aoat taring  of 
alaotroaagnatlc  wavas  by  a  body  In  tba  rasonant  raglon.  To  davalop  aeourata 
ooaputar  codas  as  a  rafaranca  standard. 

saaounri  Tha  alactrosMgnatlc  scattaring  froai  a  saro-thlcknass,  parfaetly 
conducting,  circular,  tubular  cylinder  of  flnlta  length  with  different 
anisotropic  coatings  on  Its  Inside  and  outside  surfaces  Is  Invastlgatad.  Tha 
Induced  electric  and  magnetic  surface  currant  densities  and  tha  far  field  are 
Stained.  Analytical  expressions  of  the  double  series  expansion  coefficients  of 
the  kernels  of  the  Integral-differential  equations  of  this  problsm  are  found  and 
utilised  In  tha  ccaputatlon  to  assure  that  extrasMly  aceturate  numerical  results 
can  be  obtained.  These  results  will  be  used  as  a  standard  for  validating 
numarloal  olectromagnetle  computation  codes. 

PDPliICATIO—  t  The  research  produced  two  conference  papers  and  an  article  In 
preparation. 

OOO  KR  TBCnOhOOr  AKIASt  Software,  Sensors. 

mwaSMt  Kadar  cross  section,  Impedance  coating,  anisotropic  material,  stealth. 


AIRBORNB  COUNTKRIgASURRS  AGAINST  THK 
LASRR  qUIPKD  SURFACE -TO-AIR  MISSILE  THREAT 
Fr«d«ric  H.  Levimn,  Senior  Lecturer 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Air  Systems  Comsaand 


omnCTXTKi  Investigate  airborne  oountexmeasures  capable  of  defeating  the  laser 
guided  surface-to-air  adaslle  threat  by  defining  first,  the  paraawters  of  a 
postulated  LSAM  threat  and  engageatant  scenario,  then  Identify  flight  scenario 
constraints,  and  design  criteria  for 

couatesmeasures,  and  finally  look  at  current  developmental  alternatives,  and 
ehoosli:g  the  best  counter  LSAM  threat  design. 

SOMIARt  Two  alternatives  were  Identified  as  being  nature  enough  to  amet 
required  real  world  constraints  and  operational  perfoxawnce  criteria.  A  plan  for 
further  development  and  flight  testing  was  recommended  so  as  to  verify  and  expand 
prallmliMry  results. 

roLICATIOWt  A  master's  thesis  was  produced. 
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DGO  nr  nCBm/Xnr  JUIKASs  Sansors,  Klactronic  Davleaa. 
USWOWMt  Lasars,  alasilas,  IN,  eountaxaaasuras . 


AIRBORNE  COUNTKRMKASURgS  TO  ADVAHCKD 
lASBR  BBAMRIDER  SURFACE-TO-AIR  MISSILES 
Frederic  H.  Levien,  Senior  Lectiirer 
Department  o£  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Air  Systems  Command 


OBJBCrxvSt  Invaatlgata,  analyse,  eoaqpara,  and  asaasa  tha  affactivanaaa  and 
faaalbillty  of  potential  countasaMaauraa  to  laaar  baaauridar  aurfaea-to-air 

adaallaa . 

SnmOUtTi  Z<aaar-aidad  waapona  are  known  to  be  widely  manufactured  and  deployed 
by  adlltary  organlsatlona  world  wide.  Of  thaaa  ayatama,  laaar  beam  ridara  poaa 
one  of  the  moat  advanced  and  potentially  lethal  thraata  faced  by  aircraft  today. 
Thia  raaaareh  developed  a  propoaal  and  deflnad  tha  optiauil  aolutiona  to  protect 
air  crewa  from  thia  threat.  Two  concepta  were  identified  aa  moat  prcalaing,  and 
their  parametera  preaented. 

vasuOXXOm:  a  maater'a  thaaia  waa  produced. 

OOO  m  nCBNObOOr  llUSt  Senaora,  llectronic  Devieea. 

KRWORDSt  Itaaera,  mlaailea,  IN,  coxmtersMaauraa . 


AUCaffiNTATION  OF  THE  IMPROVED  MANY -ON-MANY  (IMOM) 

JAMMER  EFFECTIVENESS  MODEL 
Frederic  H.  Levien,  Senior  Lecturer 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Air  Force  Electronic  Warfare  Center 

OBJICTZVBi  Thia  reaearch  waa  Initiated  to  upgrade  tha  Air  Force  Primary 
Modelling  and  Slanilation  llectronic  Warfare  Miaaion  Planning  Syatem,  XMOM,  to 
include  the  jaamdng  algorithm  for  the  IA-6B,  allowing  the  ayatem  to  now  be  uaed 
jointly  by  Havy  an  wall  aa  Air  Force  miaaion  plannera. 

SnsnUKTi  The  apecific  programaUng  enhancementa  provided  to  upgrade  ZMXMf  included 
a  program  change  to  AQTOJAM,  written  in  ADA,  and  another  providing  analyala  of 
jammer  tranasUttara  and  sndulatlona  utilised  by  Navy /Narine  Corps  Prowler  IA-6B 
aircraft.  These  enhancements  allow  for  autoauition  of  janawr  planning  and 
extension  of  the  range  of  jammer  choices  in  IMOM. 

POBLTCITIOmt  A  auister's  thesis  was  produced. 

DOD  nr  TBCMWOLOOr  Allis :  Computers,  Software,  Human  Systems  Interface. 
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I  Em,  radar.  BOdalling,  alaulatloa. 


TRANSPORTABILITY  ISSUES  OF  DNIMTEiiTlOilM. 
MODOLATION-OW-PULSl  miTTRR  DATA 
AMONG  NAVY  ESN  PROC18SORS 
Frddarlc  H.  L«vldn,  S«nior  L«etur«r 
D*p«rta«nt  of  Sloctrieal  and  Cooputar  Inginaarlng 
Sponsor :  Naval  Raaaarch  Laboratory 
Funding:  Naval  Poatgraduata  School 


oadacrxvsi  to  datamina  tha  faaalbility  of  traaaportlag  imlatantioaal 
Modulction-on-Pulaa  data  that  has  baan  eoopilad  by  an  MUt  aystaa  utillaina  tha 
CTZ-2  prooaaaor  and  tha 

Omanaa  Aircraft  Corporation  APX/9  proeaaaor,  to  tha  ayataaa  plannad  for 
oparational  aaployaant  in  tha  IA-6B  ADVCJtP  aircraft. 

snailBTt  This  study  dataminad  tha  procaas  by  «diich  both  OMOP  preeaasora 
funotionad,  and  conparad  tha  rasultant  data  froai  tha  aaaa  sourca.  as  racordad  by 
aach  procassor.  It  than  axaninad  tha  faasibility  of  chooaing  aithar  or  both  as 
a  aouroa  of  library  inputs  to  an  IA>€B  application. 

raUtXCBTKXtt  A  BMStar's  thasia  was  producad. 

DOD  BBT  TBOBBOLOOT  ABBAS «  Coaputars.  Softwara,  Dasign  AutosMtion,  Badar. 
BBTHOBDSt  BN,  radar,  xmOP,  transportability,  BA-fB. 


OPBRATION  OF  AMD  POTRNTIAL  CODNTBRMBASURRS  AGAINST 
MISSILB  SYSTEMS  USING  VISUAL  IMAGING  SBBKRRS 
Frederic  H.  Levien,  Senior  Lecturer 
Oepertnent  of  Electrical  and  Cosputer  Engineering 
Sponsor  and  Funding:  Naval  Air  Systems  Cossnand 


OBJBCTlVBi  To  analyse  tha  general  operation  of  currant  and  searging  aissila 
systaas  using  tha  visible  spactrue  and  to  avaluata  proposed  countareaasuras  that 
could  ba  used  to  degrade  aissila  affactivanass. 

SIBBIBBTi  Tha  introduction  of  adasila  systaas  using  visual  iaaging  saakars 
added  a  significant  surfaca-to-air  and  air-to-air  aissila  threat  to  all  types  of 
aircraft.  This  research  evaluates  saakar  operation  by  focusing  on  target 
aeguisition  and  tracking  in  tha  visible  apactrua.  Kay  technologies  as  wall  as 
tha  tracking  algorltha  ara  surveyed  to  establish  tha  vulnarabllltias  and 
waaknaasaa  of  thasa  systaas. 


POTLTCBTIOW «  A  aastar's  thesis  was  produced. 


poo  nnr  TTHMUMOT  JJUOBi  Coaputars,  Saaaora,  Buaan  Syatn  Intarfaca. 
XRW0KD8t  Viaual  lauiglng,  SN,  alaallaa,  couatanaaauraa . 


ALGORITHMS  FOR  ASSESSING  TfflS  »FrBCTIVBNBSS  OP  SHIPBOARD 
COUNTHRMBASURBS  AGAINST  AMT!- SHIPPING  MISSILE  PLATFORMS 


P.E.  Pace,  Aseletant  Profeeaor 
Departnent  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Tactical  Electronic  Warfare  Division 

Naval  Research  Laboratory 


OBJaCTZVIs  Tha  objactlva  of  thla  raaaarch  ia  to  loprova  tha  proeaaa  for 
avaluatlng  hardwara-in-tha-loop  and  fiald  taat  parforaMnca  raaulta.  Aa  part  of 
thla  objactlva,  naw  algorlthaa  to  naaaura  tha  ovarall  m  ayataaw  utility  and 
affactlvanaaa  wara  to  ba  davalopad. 

snsiaKrx  Hardwara-ln-tha  loop  data  from  URL' a  Cantral  Targating  Slaailator 
facility  waa  obtained.  Thla  data  daeonatrataa  tha  raaponaa  of  varloua 
antl-ahlpplng  mlaalla  platfoma  (opan  loop/cloaad  loop)  In  an  alactronlc 
countaraMaauraa  anvlronmant.  Slaulatlon  nodala  of  varloua  elaallaa  wara 
conatructad  to  Incorporate  thla  data  to  maaaura  tha  affactlvanaaa  of  tha  varloua 
sen  wavaforma.  After  dlacuaalon  with  tha  Integrated  IW  Slaulatlon  Sclantlata, 
It  waa  dataradnad  that  Incorporation  of  tha  true  aaakar  raaponaa  could  add 
additional  confidence  In  tha  alwlatlon  raaulta.  It  waa  decided  to  obtain 
charactari ration  data  corraapondlng  to  tha  aaakar  currently  under  atudy. 
Incorporation  of  thla  type  of  analyala  Into  tha  alaulatlon  aodala  (ravaraa 
engineering)  la  expected  to  further  Increaaa  tha  accuracy  of  tha  parfonunca 
pradlctlona . 

FOSTiTCATIOW;  A  conference  paper  waa  produced. 

DOO  nr  TBCBSOLOGr  ARIA:  Senaora. 

URWORDS:  Antl-ahlpplng  mlaallaa,  alactronlc  countaraaaauraa,  alaulatlon. 


SURFACE  MODE  PROCESSING  FOR  TARGET  DETECTION 
AND  DECLARATION 
P.E.  Pace,  Assistant  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  amd  Funding:  Hughes  Missile  Systems  Co]i^>any 


OBJECTXVB:  The  objactlva  of  thla  raaaarch  waa  to  exparlaantally  evaluate  tha 
trada-offa  between  an  Invarae  KTI  filtering  approach  and  a  DFT  filter  bank 
approach  to  datact  aurfaca  targata  In  aaa  clutter. 

SOBIkKTx  Trada-offa  In  parfonaanca  veraua  hardware  coaqplaxlty  wara  evaluated  for 
two  aaarch  procaaaor  conf Iguratlona  for  aavaral  alow  moving  targata  of  varloua 


123 


■Is*  bttrl*d  in  r*eord*d  •••  eluttar  data.  8*v*ral  variation*  «*r*  inv«atigat*d 
for  •aeb  aj^roaoh.  A  retrofit  of  tha  currant  Phalanx  hardvar*  to  parform  thia 
■aareh/dataetion  proeaaaing  waa  atudiad  and  an  optiaal  invaraa  filtar  «aa 
eonatruetad  that  could  oaaily  ha  inplaaantad  in  tha  eurrantly  ooafigurad 
hardwar*.  Ovarflow  *f facta  and  truncation  noia*  lavala  war*  aanarically 
avaluatad. 

PWf iTCiATIOW t  Tha  raaaarch  produoad  a  journal  artiel*  aoeaptad  for  publieatioa, 
a  taohnieal  raport,  a  confaranc*  p^ar«  and  two  naatar'a  thaaaa. 

DOO  wmx  rmCBmXLOaX  AUAt  Sanaora. 

UfWmMt  Phalanx,  oloaa-in-w*apon-ayat*»,  aurfae*  nod*  aignal  proeaaaing.  aaa 
oluttar. 


mSSILg  SimATIOW 

B.  Titus,  Profsssor 

DspsrtBsnt  of  Blsctrlcsl  and  Cooqputar  Bnglnaaring 
Sponsor  and  Funding:  U.S.  Amy  Nissils  and 
Spaca  Zntslliganca  Cantsr 


OSJaCTXVBi  Tha  purpoaa  of  thia  effort  waa  to  aupport  tha  Croaabow  Oeanittaa  and 
■avaral  of  thair  intalliganca  taana.  Wa  atudiad  and  aianilatad  aavaral  Soviet 
niaailaa  and  attanptad  to  develop  toehniguaa  to  counter  than. 

SOMMAKrt  N*  have  atudiad  and  aiaulatad  in  conaidarabl*  datail,  tha  Soviet  8A-C, 
SA-11,  and  now  tha  follow  on  ayataa,  SA-17x.  Tha  8A-6  waa  uaad  affactivaly  in 
tha  73  War  by  Sgypt.  The  follow  on,  tha  SA-ll  la  operational  in  tha  Soviet 
Ohion.  The  SA-17x  ia  in  Rao  teat.  Our  taak  waa  to  know  avorythlng  poaaibl* 
about  tha  guidance  and  control  of  thaae  ayatwaa.  W*  hav*  had  frequent  brief  Inga 
by  CZA,  NBA,  DIA,  MSIC,  and  othara.  Tha  aiaulationa  hav*  bean  uaad  to  atudy  tha 
sdLaall*  ayatana  and  how  to  counter  than.  The  purpoaa  of  thia  group  la  to  design 
and  develop  aavaral  of  thaa*  ayatana  to  b*  uaad  at  appropriate  Air  Poro*  and  Mavy 
facllltlaa.  This  past  year  w*  hav*  alao  bean  studying  tha  SA-15,  ^diioh  ia  a 
follow  on  to  the  8A-8.  Bowavar,  it  ia  totally  new  in  nany  aapaetsf  faaturing 
nultl>targ*t  tracking  capability  (48  targets)  and  vertical  launch  niaailaa  with 
new  BCCM  and  naw  RO  ayatana.  Xiqport  versions  of  thia  ayatan  era  now  on  sal*. 
In  country  varalona  hav*  aosn  significant  added  capabllltiaa  which  wa  are 
attanptlng  to  dotaxnln*.  Nunaroua  naatinga  and  dlacuaaiona  war*  held.  A 
workshop  on  nlaalla  guidance  waa  given  at  Buntavllla,  Alabaan.  LT  Painter's 
thaala  involved  a  SA-ll  lUaall*  Target  Slnulatlon.  LT  Tin  Mull  davalopad  a 
■Inulation  and  design  for  the  vortical  launch  phaa*  of  those  niaailaa.  Ha  did 
this  for  tha  SA-15  and  tha  Sea  Sparrow.  Work  ia  continuing  reviewing  throat 
■inulator  validation  roporta. 

DOO  XMT  TSCHMOLOOT  ABBA:  Software. 

KBZMOBDSs  Tracking,  niaailaa,  alaulatlon. 
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FOR  CLASSIFICATION  OP  WIDBBMTO  TRANSIENT  SICaiXLS 
Monique  P.  Farguea,  Assistant  Professor 
Ralph  Hippenstiel,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Ftmding:  US  Army  Communications  Center  for 

Signal  Warfare 


OBJECTIVBj  The  goal  o£  this  project  is  to  investigate  and  to  lavlasMnt,  using 
Fortran,  a  fast  and  rallabla  way  to  classify  wideband  transient  signals  provided 
by  the  sponsoring  organisation. 

SaWMCrx  This  study  Investigates  two  spectral -based  procedures  to  efficiently 
classify  certain  classes  of  transient  signals.  Both  schaoMS  use  a  selected 
nusdber  of  spectral  coefficients  for  the  classification  procedure.  The  first 
approach  considered  uses  spectral -based  aeasures  to  distinguish  between  classes 
of  transients.  Four  different  neasures  are  studied:  the  normalised  cross- 
correlation  coefficient,  the  Bhattacharyya  distance,  the  divergence  (related  to 
the  Kullback-Liebler  number) ,  and  the  modified  normalised  cross -correlation 
coefficient.  Results  show  that  the  four  sMasures  can  be  used  to  classify  the 
transients  in  different  classes.  They  also  indicate  that  a  better  performance 
is  obtained  when  using  the  normalised  cross -correlation  measure  (MHCC) . 
Furthermore,  the  MHCC  has  a  natural  Interpretation  which  allows  for  a  simple 
interpretation  by  a  human  operator. 

The  second  approach  considered  uses  a  back -propagation  neural  network  (HM) 
approach.  The  HH  is  trained  to  distinguish  between  the  different  classes  of 
signals  provided  by  the  sponsor.  Results  show  that  the  MM  can  be  successfully 
trained  to  distinguish  between  the  three  different  classes.  Results  are  found 
to  be  consistent  with  those  obtained  using  the  spectral -based  approach.  The  smin 
draxd>ack  behind  the  MM  approach  is  that  it  requires  a  large  nuadxer  of  data  to  be 
trained  with  enough  reliability. 

FOBLTCBTIOMS t  One  technical  report  and  one  conference  paper  have  been  produced. 
DOD  MMX  TKHMObOGT  ARBB:  Electronic  Devices. 

UmORDSt  Transient  detection/classification,  spectral  distance  measure,  neural 
network  application. 


TRACKING  SOURCES  USING  THE  RANK- REVEALING  OR  FACTORIZATION 
Monique  P.  Fargues,  Assistant  Professor 
Department  of  Electrical  and  Computer  Engineering 

Funding :  None 


OBJmcnvB:  The  goal  of  this  continuing  project  is  to  investigate  the  application 
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of  tho  Rank-Rovoollng  QR  (RRQR)  factorisation  to  eoaputa  tha  signal  inforaation, 
and  to  taka  advantaga  of  tha  siagilieity  of  tho  QR  updata  to  track  aoving  aourcaa. 

SOMRRTi  Subapaco  daeoag>oaition  aathoda  ara  a  poworful  tool  uaad  in  diffaraat 
araaa  of  Signal  Procaaaing  in  which  tha  signal  infonation  is  usually  obtainad 
vie  aigan-baaad  or  SVD-basad  awthods.  Thasa  taehniquas  ara  nuaarieally  vary 
stabla  but  axpanaiva  to  updata.  Tho  RRQR  factorisation  providaa  an  attraotiva 
altomativa  to  accoaplish  subapaco  salaction.  Na  hava  rofinad  tha  original 
algorithm  proposad  oarlior,  and  hava  addad  an  updating  capability  to  tha  RRQR 
factorisation.  Wa  hava  appliad  tha  raaulting  proeodura  to  tho  Oiraction  Of 
Arrival  (OOA)  problam.  Sisnilationa  show  tha  parfonsanco  of  tha  "rofinad* 
adaptivo  RRQR-basod  tochniquo  is  similar  to  that  obtainad  using  classical  aigan- 
basad  taehniquas. 

FOBLZCATIOKS t  Tha  rasaarch  producad  a  confaranca  papar  and  a  journal  papar  in 
praparation . 

DOO  XBT  TSCBNObOOT  ARSAi  Rlaetronic  Oavicas. 

RRXMURDSi  DOA  problam,  tracking,  QR  factorisation. 


ANALYSIS  USING  BI-SPBCTRAL  RgLATBD  TBCHNIQUKS 
R.  Hippenstlel,  AsBOciatn  ProfeBRor 
Department  of  Electrical  and  Conqputer  Engineering 
SponBor  and  Funding:  Naval  Command  Control  Ocean 

Surveillance  Center 


QBJECTTVBt  Tho  goal  of  this  pro j act  is  to  invastigata  tha  parforsmnea  of  a  Bi- 
spactral  ralatod  tochniquo  in  datacting  stationary  and  non -stationary  spaetral 
emgponants . 

BTHBIARTi  Barlior  rasults  indicata  that  a  IVi-D  spaetral  tochniquo  (a  dagonorata 
varsion  of  tho  Bi-spactrum)  has  potantial  Signal  to  Hoiso  Ratio  (SMR)  gain  ovar 
eonvantional  taehniquas.  This  is  partially  duo  to  tha  cuanalant's  rasponsa  to 
Oaussian  noiso,  which  thaoratically  is  saro.  Using  synthotic  data  and  roal  oeoan 
acoustic  data  tha  porformanco  of  tha  IVi-D  tochniquo  is  shown  in  comparison  with 
a  eonvantional  spoctrogram  and  an  instantanaous  powor  spactrum.  Tha  rasults  of 
tho  simulation  (synthotic  data)  ara  supportod  by  thaoratical  parfoxmanea  bounds. 

POBUCATIOmSt  A  tochnical  raport  and  a  isastor's  thosis  wara  producad. 

DOD  XBT  TBCHROXiOOT  ARBAt  Blactronic  Davicas. 

XBXMUiKmj  Signal  dataction/classification,  bi-spactrum,  eximulants,  instantanaous 
powar  spactrum. 
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WAVBLETS  TIME-FREQUENCY  ANALYSIS  OF  SIGNALS  AND  SYSTEMS 
Alex  W.  Lam,  Associate  Professor 
Department  of  Electrical  and  Conqputer  Engineering 
Sponsor  and  Funding:  Naval  Research  Laboratory 


OBJSCTJVS:  The  goal  of  this  project  was  to  Invastlgata  wavalats  and  tlaa> 

fraquancy  analysis  of  signals  and  syataas. 

SOMiaRrx  No  Invastlgatad  wavalat-basad  tlsM- fraquancy  analytical  tachnlquas  for 
transient  signals  and  digitally  modulated  signals.  Probloas  of  particular 
Interest  were  the  detection  and  classification  of  multiple  damped  sinusoidal 
signals  and  chirped  waveform  In  additive  noise.  The  time -frequency 
decoaq>osltlons  of  BPSX  and  QPSX  signals,  as  wall  as  spread- spectrum  signals  were 
obtained  using  a  multi -resolutlonal  approach. 

PQBUCITIOK:  A  technical  report  Is  forthcoming. 

DOD  XST  TCCHHOIOOT  XKKA;  Communications  Networking. 

KRNOBDS:  Navelets,  time -frequency  analysis,  digital  modulations,  spread- 

spectriuB. 


ADVANCED  SIGNAL  PROCESSING  TECHNIQUES 
H.H.  Loomis,  Jr.,  Professor 
M.  Soderstrand  (Visiting)  and  R.  Bernstein 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Fxmding:  Secretary  of  the  Air  Force 


OBJKTXVN:  To  Investigate  advanced  signal  processing  algorithms  and 

architectures  for  the  detection  and  characterization  of  broadband  communications 
signals  In  noise  and  Interference. 

STWnUPT:  My  principal  accomplishment  this  year  has  been  In  the  development, 

reallzati 'm,  and  experimental  verification  of  algorlthais  for  the  detection  and 
characterization  of  cyclostatlonary  signals,  such  as  Phase  Shift  Xeyed  (PSX) 
signals.  This  work  has  resulted  In  one  Journal  article,  three  conference  papers 
three  presentations  and  one  thesis.  Cooperative  work  with  M.  A.  Soderstrand  of 
UC  Davis  has  results  '  In  continuing  progress  In  the  area  of  adaptive  Interference 
renmval . 

PXIWTiTCATTOWS s  The  research  produced  two  journal  articles,  three  conference 
papers,  three  presentations,  and  a  master's  thesis. 

DOD  KMT  TMCBMOLOGT  ARXA:  Sensors. 

XMXNOKDS:  Signal  detection,  source  location,  cyclostatlonarlty,  high  spaed 

computing . 
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M.  Tiusmala,  Associate  Professor 
Department  of  Electrical  and  Conqputer  Engineering 
Sponsor  and  Funding:  Electronics  Engineering  Center 
U.S.  Coast  Guard,  Wildwood,  NJ 


OBJBCrxVK:  Th«  goal  o£  this  pro j act  waa  to  dovalop  signal  procasslng  algorltliae 
for  modallng  of  Loran-C  tranamlttara  and  onlina  shaping  of  tha  Xioran-C  output 
wavafom  to  aaat  Coast  Guard's  spaclfleatlons.  This  was  a  two-yaar  projaeti  tha 
work  raportad  hara  consists  of  tha  concluding  part  of  tha  two-yaar  effort. 

SUMmST:  Tha  Zioran-C  transmlttar  Is  a  non-llnaar  and  tlsM  varying  davlca.  Na 
hava  davalopad  pola-zaro  aiodals  for  thasa  transalttars  taking  tha  tlsM  variations 
and  nonllnaarltlas  (as  maasurad  from  actual  axparlsMnts)  Into  account.  Na  hava 
usad  a  sat  of  concatanatad  modals  to  accossiodata  tha  nonllnaarltlas  and  tha  tlaa 
variations  are  tracked  using  adaptive  parasMtar  astlaatlon  algorlthsM.  Tha 
AH/FPN-42  required  4  poles  and  3  zeros  ^lla  A11/FPN-44A  required  6  poles  and  3 
zeros.  In  both  cases,  tha  waveforms  ganaratad  by  aiodals  agreed  with  tha  actual 
transadttar  output  waveforms  under  a  variety  of  operating  conditions. 

Tha  annual  anthods  to  control  tha  Loran-C  output  waveshape  Is  currently  vuaad  by 
tha  Coast  Guard,  and  tha  Blactronlcs  Bnglnaarlng  Canter  plana  to  replace  tha 
annual  control  by  coaqiutar  algorlthan  to  achlava  batter  waveshape  control  and 
raducad  hardware  anlntananca.  Na  hava  davalopad  two  approaches  to  accoaipllsh 
this:  a  gradient  based  algorithm  and  a  miltlchannal  paraantrlc  algorithm.  Tha 
multichannel  algorithm  has  yielded  more  promising  results  than  tha  gradient 
algorithm  under  a  variety  of  slziulatad  noisy  operating  conditions.  Tha  personnel 
at  tha  Blactronlcs  Bnglnaarlng  Canter  are  now  proceeding  with  tha  work  to  test 
thasa  algorlthsn  on  actual  transzilttors. 

PUBLICATIONS :  Tha  research  produced  three  conference  papers  and  one  master's 
thesis. 

DCS)  BBT  TBCHNOLOGT  ABBA:  Sensors. 

KBXNORDS:  Pole- zero  modeling,  waveshape  control,  Loran-C  transmitter. 
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AUTOMATIC  COMTROL  OF  AN  EXTREMELY  H: 

Roberto  Crlsti,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  NISE  West  (formerly  MAVELEZ) ,  Vallejo,  CA 

OBJaCTXVS:  This  project  alaa  at  tha  daalgn  of  a  control  mymtmm  for  ri^id 

pointing  of  an  antanna  for  KHT  aatallita  coaanmieation.  Priamry  obj  active 
is  tha  astisMtion  of  offsets  due  to  installation  and  construction  tolarancas, 
which  affect  tha  axtraaaly  tight  pointing  tolerance  of  two  dagraas.  This  is  tha 
second  year  of  tha  project,  began  in  FT  1992. 

sasnutT:  Tha  Navy  Bxtramaly  High  Frequency  (BHF)  antanna  program  utilises  a 

three  axis  antenna  possibly  nountad  on  a  ship.  Due  to  the  very  short  wavelength 
involved,  the  positioning  accuracy  is  very  restrictive.  In  an  effort  to  alleviate 
errors  induced  by  machine  and  installation  tolerances,  very  lengthy  procedures 
are  currently  involved  to  properly  align  the  antenna  axis.  An  alternative  way 
proposed  in  this  research  is  to  nodal  the  installation  errors,  and  estimate  the 
parameters  from  data  collected  on  the  control  system  dtiring  satellite  tracking. 
To  this  goal  the  use  of  Bular's  parameters  has  shown  to  be  a  vary  affective  tool, 
and  a  complete  siathamatlcal  modal  has  been  derived.  The  parameters  are  estimated 
by  robust  least  squares  techniques  on  tha  basis  of  measurements  from  the  inertial 
navigation  of  the  ship  (heading,  pitch,  and  roll) ,  the  ephesMrls  of  the  satellite 
tracked  and  the  comsiands  given  to  the  antenna's  syncros.  Data  collected  from  the 
ship  cruising  at  different  headings  provide  sufficient  Information  to  Insure  that 
the  technique  is  well  conditioned  and  least  sensitive  to  measurement  errors.  The 
research  has  resulted  in  a  technical  report. 

DOD  KNT  TKHNODOGT  ANNA:  Coamunications  Networking. 

UXNORDS:  Communications,  control,  estiamtlon. 


TORPEDO  TRACKING 
H.  Titus,  Professor 

Department  of  Electrical  and  Con^uter  Engineering 
Sponsor  and  Funding:  NUWES,  Keyport,  Washington 


OBJNCTlVBx  Our  task  was  to  develop  a  Kalman  filter  torpedo  tracking  program 
which  incorporated  the  acoustic  range  data  and  the  torpedo's  INS  data  as  well. 

SIMMAXTx  For  over  a  dosen  years,  we  have  had  thesis  students  and  faculty 
involved  in  various  torpedo  tracking  problems  as  requested  by  the  research  arm 
of  the  NDNBS  facility.  This  past  year  we  investigated  the  Kalman  filter  fusing 
and  smoothing  of  the  range  acoustic  data  with  an  internal  INS  data.  LT  Alfaro 
has  done  a  vary  good  job  and  they  are  incorporating  his  work.  The  problem  was 
made  interesting  due  to  tha  fact  that  the  INS  had  vary  high  drift  rates,  awking 


129 


•  problw  in  aligning  accalaronatar  outputs  to  tha  ranga  eoordinata  ayatan.  Tha 
obaarration  ratoa  wars  non-aynehronoua,  and  tha  acoustic  data  had  dropmits,  and 
disoontinuitias  as  tha  torpado  would  pasa  froai  ona  acoiistin  array  to  anothar. 
LT  Wlaaaan  is  following  on  with  LT  Alfaro's  work,  incorporating  a  now  aanauvar 
datactlon  algorittaai,  and  now  utilising  tha  accalaroaatars .  Tha  work  ia 
elassifiad.  Praaantations  wora  givan  at  MUNIS.  LT  Turponlng  eontinuad  on  with 
LT  Wiaaaan'a  work.  Profaasor  Art  Sehoanatadt  and  Profasaor  Titus  ara  eootinuing 
with  S08M  softwara  updataa.  Tha  projoet  was  coaplatod  in  tha  fall  of  1993. 

DOO  XBT  TKBMOXdOCnr  AUEAi  Softwara. 

KRNOUMi  Tracking,  torpado,  aiaulation. 


SPAgg  RB88ARCH 

B.  Titus,  Profsssor 

Dspsrtmsnt  of  Blsctrleal  and  Coflq>utar  Bnglnaarlng 
Sponsor  and  Funding:  SPAWAR,  MRL,  Washington,  DC 

OBJMCTZVIt  Wa  wish  to  locata  targats  from  apaca  platfosas  and  to  dawalop  optiaal 
control  taehnlquaa  for  attitude  control  and  aumauvar  of  spaoaeraft. 

SOHIABTi  Algorithas  hava  haan  davolopad  to  PPT  process  high  PIP  pulse  Doppler 
signals  and  than  Kalaan  filter  ohsarvabla  paraatatars  froai  these  coaffieiants  to 
locate  targats  of  interest.  Na  ara  presently  waiting  to  test  tha  algorithas  on 
real  data.  Siaulations  have  haan  parfonaad  on  raprasantativa  signals.  Optiaal 
control  techniques  hava  bean  applied  in  tha  general  attitude  control  and 
spacecraft  aanauvar  problaa.  LTs  Mika  and  oner  did  theses  on  "Past  Invalopa 
correlation  for  Passive  Ranging"  and  "Praquancy,  Aaplltuda,  and  Phase  Tracking 
of  MOn-Sinusoidal  Signal  in  Noise  With  Ixtandad  Kalaan  Piltar, "  respectively. 
Cooper's  thesis  involved  a  third  order  optiaal  control  for  spacecraft  attitude 
control.  Research  briefings  ware  givan  at  MRL.  A  paper,  "Second  and  Third  Order 
Miniatia  TIom  Controllers  and  Missile  Adjolnts,”  was  presented  by  Cooper  and  Titus 
at  tha  34th  Midwest  Syaposlia  on  Circuits  and  Systaas,  Monterey,  CA,  Nay  14*-17, 
1991.  LTs  Mika  and  Haafnar  hava  worked  on  tha  analysis  of  radar  asdttar 
signatures  via  PPT  and  tins  domain  filtering.  LT  Slpa  continued  this  effort. 
LT  Mars  addressed  tha  problaa  of  placing  tha  sensor  on  a  specific  platform  and 
its  control  problems.  Capt  Williamson  and  LT  Pallon  ara  extending  this  work  to 
include  RPVs  and  other  sensor  platforms.  Sensor  fusion  for  locating  threat 
missile  and  adssila  radar  are  being  addressed. 

DOO  KIT  TMOORILOOT  AISAi  Software 


I  Tracking,  missiles,  simulation 


TO  UNDBRWATBR  SURVEILLANCE  PROBLEMS 
Monique  P.  Fargues,  J^elstant  Professor 
Ralph  Hlppenstlel,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor:  NCCOSC,  San  Diego,  CA 
Funding:  Naval  Postgraduate  School 


(ajacnvix  The  goal  of  this  continuing  project  la  to  invoatigato  tha  propartlaa 
of  wavalata  aa  thay  ralata  to  undaxwatar  aurvaillanca  datactlon  and 
Identification  problaina. 

sasnunrs  Tha  atudy  of  tha  apactrua  of  algnala,  uaually  labaddad  In  addltlva 
nolaa,  la  Important  In  SOMAA/RADAR  target  datactlon  and  target  identification. 
TlaM- Frequency  (TF)  tranaforaationa  have  bean  uaad  to  track  tlaa-varying  algnal 
variatlona.  However,  abrupt  changaa  in  tha  algnal  behavior  cannot  be 
alaultanaoualy  analyaad  ualng  TF  tranaforaia  with  long  duration  windowa  required 
for  good  frequency  reaolutlon  and  abort  duration  windowa  required  for  good 
teaqporal  reaolutlon.  A  good  coaqproalae  can  be  obtained  with  the  Wavelet 
tranafora  (HT)  which  la  batter  able  to  track  abrupt  changaa  In  algnal  behavior. 

Four  aain  iapleaantatlona  of  the  Wavelet  tranafora  have  been  conaidered.  The 
"Diacrete"  contlnuoua  Wavelet  tranafora,  and  three  reeuralve  diaerete 
Iapleaantatlona  of  the  WT.  The  diacrete  iapleaMntationa  conaidered  were  the 
declaiated  and  undeciaated  A-Troua  algoritha,  and  the  Mallet  algorithm.  The 
NOrlet  wavelet  waa  uaed  for  the  A-Troua  lapleaMntatlona . 

Varloua  aynthetic  algnala  have  been  exaad.nod  ualng  the  dlfferen  WT 
rapreaentatlona .  In  addition,  the  WT  and  TF  iapleaantatlona  have  been  applx  4  to 
detect  real-world  Ultra -wideband  (UWB)  tranalent  algnala  in  non-atationary  aaa 
clutter  and  RFI  Interference.  The  UWB  data  waa  provided  by  the  Radar  Branch  of 
HCCOSC,  San  Diego,  CA.  Reaulta  ahow  that  bettor  performance  la  obtained  ualng 
the  A-Troua  WT  algorithm  to  detect  the  tranalent  algnala  accurately  xriiile  other 
TF  rapreaentatlona,  except  for  the  Inatantanooua  Power  Spectrum,  were  iwt  able 
to  detect  the  tranalenta.  Reaulta  alao  ahow  that  tha  choice  of  the  nuaft>or  of 
voicea,  the  center  frequency  and  the  rolloff  coefficient  of  the  Morlet  wavelet 
may  be  uaad  to  enhance  detection  of  the  tranalenta  conaidered  in  the  atudy. 

PUBUCATianS:  One  conference  paper  publiahed,  two  conference  papera  preaentod, 
and  one  MS  theala  waa  produced.  Wavelet  Tranafom  aoftware  daalgned  to  detect  UWB 
tranalent  in  the  praaanca  of  non  atatlonary  nolaa  and  RFI  Interference  waa 
provided  to  tha  Radar  Branch  of  HCCOSC,  San  Diego,  CA,  Doc  1992. 

DOO  KBT  TMCHHOLOOT  ARMA:  Bloctronlc  Dovicoa. 

JUIWURDSi  Tranalent  detection,  wavelet  tranafora,  ultra-wideband  radar. 
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MOPBLUig,  DETECTION,  AMD  RKCOGHITION  TECHNIQUES 
FOR  UMDBRWATKR  BIOLOGICAL  DATA 
Monique  P.  PargueCf  Aasletant  Professor 
Roberto  Crlstl,  Associate  Professor 
Department  of  Electrical  and  CoBq[>uter  Engineering 

Funding :  None 


OBJECTIVE  t  The  goal  of  thia  continuing  project  ia  to  inveatigate  the 
applicationa  of  reduced-rank  Autoregreaaive  (AR)  and  AutoRegreaaive -Moving 
Average  (ARMA)  Modeling  techniquea  to  identification  of  biological  underwater 
aounda. 

SaaiRRTs  The  firat  part  of  the  reaearch  inveatigated  the  application  of  reduced 
rank  AR  a»deling  to  the  identification  and  claaaification  of  varioua  underwater 
biological  aoimda.  Two  claaaification  aathoda  were  conaidered.  The  firat  eathod 
oonaidered  Inveatigated  the  uae  of  backpropagation  natiral  networka  and  reduced- 
rank  AR  a»dela  to  identify  biological  aounda  (auch  aa  huaipback  whale  or  killer 
idiale  aounda.  for  exaaple) .  The  aecond  amthod  Inveatigated  the  uae  of  apectral 
diatancea  (auch  aa  the  SyaaMtrlaed  Ztakura  diatance)  for  biological  aound 
claaaification.  The  dlgitlaed  acouatlc  data  uaed  for  the  reaearch  waa  obtained 
frcai  audio  tapea  provided  by  the  Bopkina  Marine  Station  of  Stanford  Dhivaralty. 
Pacific  Orove,  CA.  Reaulta  ahow  that  reduced-rank  AR  aodela  can  be  uaed 
aueceaafully  for  biological  aound  claaaification  both  with  the  neural  network 
configuration  and  the  apectral  diatance  approach.  They  alao  ahow  that  the 
apectral  diatance  Method  ia  More  reatrlctive  aa  it  reguirea  a  conaiatent  aet  of 
aounda  to  be  uaed  aueceaafully  within  a  given  apeeiea. 

PUBLXCRTXOMSi  One  conference  paper  and  one  MS  theaia  were  produced. 

DOO  RET  TBCBHObOOT  AREAt  Bleetronic  Devieea. 

KETMQBDSt  Modeling,  underwater  aignal  claaaification,  apectral  Meaaurea. 


TIME  DOMAIN  LOCALIZATION 
J.H.  Millsr,  Associate  Professor 
Department  of  Electrical  and  Cooqputer  Engineering 
C.-S.  Chiu,  Associate  Professor 
Department  of  Oceanography 
Sponsor  and  Funding:  NUNC  Near  London 


OBJECTIVE:  The  goal  of  this  work  la  the  determination  of  aourca  range  and  depth 
in  an  ocean  acouatlc  waveguide  given  a  time  doawin  repreaentation  of  a 
aourca -generated  aignal.  Thia  ia  the  aecond  year  of  the  project. 

SOMMAETt  In  thia  reporting  period,  algorltfama  were  developed  for  the  paaaive 
localiaation  of  tranaienta  generated  by  a  aufamarine.  Thaae  algorithma  are  teatad 
with  actual  data  acquired  by  a  aubnariiie  apherical  array.  The  algoritham  rely 
on  the  exploitation  of  knowledge  of  the  tranafer  function  of  the  ahallow  ocean 
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SOD  KIT  rwaumoax  auai  sawon. 


unniQWNIi  Tranaiantt  localisation,  auhaarlna. 


80MAR  SIQMXL  MODILIIIQ 
Charlna  W.  Thnrrlnn,  Profnssor 
Dnpartmant  o£  Bleetrlcal  and  Coaqmtar  Inglaaaring 
Sponaor  and  Ftindlng:  Naval  XXndaraaa  Narfara  Cantar 

Naw  London 


QBJacriVBt  This  rasaasch  Involvaa  tha  davalopaant  of  aodala  for  uadarvatar 
algoals  raealvad  by  a  passlva  sonar  to  support  work  in  elasslfleatlon. 

SOaoUKTs  Rasaareh  on  SKidallng  of  acoustic  transients  and  ralatad  sonar  data  was 
carriad  out  in  fiscal  yaar  continued  in  1993.  k.  conprahansiva  study  to  ocapara 
Mmk  aodaling  to  three  other  analyals/synthasia  nathods  usad  in  spaach  aodaliag 
was  carriad  out.  Naw  work  on  ocean  noise  aodaling  was  carriad  out  and  a  naw 
f iltaring  SMthod  for  noise  ranoval  was  daralopad.  finally,  seas  naw  aathoda  for 
data  synthasis  wara  developed.  Data  generated  by  these  sathoda  aatohas  recorded 
acoustic  data  in  the  tine  and  frequency  dosMln.  Xn  aural  evaluation  tha  data  is 
virtually  India tlnguiahabla  froai  physically  ganaratad  and  recorded  sonar  data. 

WIiTClTlOMB t  The  research  produced  one  journal  article,  two  technical  reports, 
one  conference  paper,  two  MS  theses,  and  one  journal  article  to  appear. 

OOD  nr  TMWXLOOr  anai  Sensors. 

UINUKUBt  Passive  sonar,  ARMX  aodaling,  signal  aodaling,  acoustic  transients. 


BBgTOSiyB  MLY  ACOUaUCS  FQR  TORSgTPXWmSIQKMi  .ggUPS.  QF-ggCHD 
Lawrence  J.  Zlomek:,  Aeeociate  Professor 
Department  of  Electrical  and  Ccoputer  Engineering 
Sponsor:  Naval  Sea  Systems  Command  (NAVSBIk) 

Funding:  NAVSEA 


OBJaCTXVSt  Continue  to  generalise,  test,  and  evaluate  the  Recursive  Ray 
Acoustics  (RRA)  Algoritha.  The  RRA  Algoritfaa  is  a  siaple,  fast,  and  accurate 
algorithm  that  can  be  used  to  cenpute  the  position,  angles  of  propagation,  travel 
tlae,  and  path  length  along  a  ray  path  and  to  draw  ray  trace  plots  for  speeds  of 
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■ound  that  mxm  function*  of  all  thro*  opatial  varlabloa.  Xn  addition,  th*  KIA 
Algorlthn  can  caleulat*  th*  sound -proasur*  l*v*l  along  Individual  ray  paths  for 
arbitrary,  on*-dt— nslonal,  dspth-dspandant  spsads  of  sound. 


raanunrs  During  fiscal  year  1993  (FY  93),  ccaiputsr  cod*  was  wrlttan  to  glv*  th* 
RKA  Algorlthn  th*  capability  to  perform  sound-prosaur*  l*v*l  (8FL)  calculations 
along  Individual  ray  paths  that  ar*  fast,  accurst*,  and  valid  (1.*.,  finite)  at 
both  turning  points  and  focal  points  for  arbitrary,  on* -dimensional,  depth- 
dependant  speeds  of  sound.  Th*  SPL  calculations  do  not  require  th*  us*  of  Airy 
functions.  At  each  coavutatlonal  step  of  th*  algorithm,  both  ray  trace  and  SPL 
calculations  ar*  performed.  Initial  testing  and  validation  of  the  8PL  computer 
cod*  was  performed.  Zn  addition,  th*  RKA  Algorithm  was  given  the  capability  to 
find  elgenrays. 


PWlTiTCATXOW I  Th*  research  produced  on*  journal  article  published,  on*  journal 
article  accepted  for  publication,  two  conference  papers,  and  on*  presentation. 

OQO  xnr  TBCSMOLOOr  ASKAx  Knvlromoental  effects. 

UIMItugi  Three-dimensional  ray  acoustics,  sound-pressure  level  calculations, 
underwater  acoustics,  undersea  warfare. 
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8iqiM.-TO-liDISB 


R.W.  Adler,  Senior  Lecturer 
D.Z.  1fedswortJ&,  Senior  Lecturer 
W.R.  Vincent,  Senior  Reeeareher 


Depertnent  o£  Blectricel  end  Coeputer  Rngineering 
Sponsor  end  Fundings  CGHHAVSRCGRU 


OSJICnVBt  Continu«d  research  end 
developaent  in  techniques  to  laprove 
the  signal -to-nolae  ratio  at  Navy 
receiving  sites  worldwlda. 

SasihRrs  DevelopSMnt  of  techniques 
and  aethodology  for  identifying  and 
locating  radio  noise  sources  at  MSO 
sites  worldwide  continued.  The 
initial  version  of  the  Autosuited 
Perforeance  Bvaluation  Technique  for 
BP  receiving  sites  was  ccopleted. 
Support  was  provided  to  NOS  via 
review  of  pre-s\urvey  planning 
docuBMntation,  adtigation  plans  and 
authoring  "Quick-Look"  and  final 
site-survey  reports.  Students  and 
NSa  site  personnel  were  trained  as 
part  of  the  NSO  support.  A  2  1/2  day 
BP  technical  review  of  Pactors  that 
Affect  Performance  of  Naval  Receiving 
Sites  was  hosted  for  caiSO. 

POBLICATTOWSt  Vincent,  N.R., 
"Revised  Quick- Look  Report,  NSGD, 
Rota,  Spain,  CDAA  Site,"  NSO 
Technical  Report,  January  1993. 

Vincent,  W.R.,  "SNBP  Team  Quick-Look 
Report  at  the  Rota  Spain  CDAA  Site, " 
NSO  Technical  Report,  10  September 
1993. 

Vincent,  W.R.  and  Munsch,  O.,  "Power 
Line  Noise  Mitigation  Bandbook, " 
Southwest  Research  Institute,  January 
1993. 

Adler,  R.W.  and  Vincent,  W.R., 
"Pactors  Affecting  the  Performance  of 
Naval  Receiving  Sites, "  Proceedings 
of  the  NSA  2nd  Annual  BMC  Conference, 
J^ril  1993. 


Vincent,  W.R.  and  Adler,  R.W.,  "The 
Control  of  Intra-Site  Sources  of 
RPI/BMI  at  Naval  Receiving  Sites," 
Proceedings  of  the  NSA  2nd  Annual  BIC 
Conference,  Jq>ril  1993. 

N. ,  "The  Design  of  Portable  Antennas 
for  Use  in  Locating  Sources  of  Power- 
Line  Noise  During  SNBP  Site  Surveys,  " 
at  the  Workshop  on  Pactors  Affecting 
the  Perforswnce  of  Naval  Receiving 
Sites,  Naval  Postgraduate  School, 
Pebruary  1993. 

Adler,  R.N.,  "The  Possibility  of 
Using  Active  Antennas  at  Naval 
Receiving  Sites,"  at  the  workshop  on 
Pactors  Affecting  the  Performance  of 
Naval  Receiving  Sites,  Naval 
Postgraduate  School,  Pebruary  1993. 

Perry,  R.M.,  "Performance  Bvaluation 
of  Modem  BP  Receivers,"  at  the 
Workshop  on  Pactors  Affecting  the 
Perforsuutce  of  Naval  Receiving  Sites, 
Naval  Postgraduate  School,  Pebruary 
1993. 

Vincent,  N.R.,  "Mitigation  of  Power- 
Line  Noise,"  at  the  Workshop  on 
Pactors  Affecting  the  Perforsmnee  of 
Naval  Receiving  Sites,  Naval 
Postgraduate  School,  Pebruary  1993. 

Wadsworth,  D.Z.,  "The  Perfomance 
Bvaluation  Technique,"  at  the 
Workshop  on  Pactors  Affecting  the 
Performance  of  Naval  Receiving  Sites, 
Naval  Postgraduate  School,  Pebruary 
1993. 

Vincent,  W.R.,  "Bxanplea  of  Internal 
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llOi««  SourcM  at  Naval  Itaealvlng 
SltaSf"  at  tha  Norkahop  on  Factors 
kffactlng  tha  Parfomanca  of  Naval 
Racaivlng  Sltas,  Naval  Postgraduata 
School,  Fabruazy  1993. 

Vlncant,  N.R.,  "Updata  on  tha  Usa  of 
tha  Otalflad  Barrlar,  Flltar,  Ground 
Taohniqua  to  Control  SNl/RFI  froat  a 
PC  Ghitttarruptabla  Powar  Supply 
(GPS) , "  at  tha  Workshop  on  Factors 
Affactlng  tha  Parfomanca  of  Naval 
Racalving  Sltaa,  Naval  Postgraduata 
School,  February  1993. 

Adlar,  R.N.  and  Vlncant,  W.R., 
"Factors  Affactlng  tha  Parfonaanca  of 
Naval  Racalving  Sltas,"  NSA  2nd 
Annual  BfC  Confaranca,  Ft.  Maada,  MD, 
April  1993. 

Vlncant,  W.R.  and  Adlar,  R.W. ,  "Tha 
Control  of  Intra-Slta  Soiircas  of 
RFl/RMI  at  Naval  Racalving  Sltas,"  In 


Procaadlngs  of  tha  NSA  2nd  Annual  mc 
Confaranca,  April  1993. 

mama  DxncraDt  oaviia,  c.v.,  maj, 
Rcuadorlan  Air  Force,  "Coaiparlson  of 
HF  Oroundwava  Propagation  Modals," 
Master's  Thesis  In  Rlactrlcal 
Snglnaarlng,  June  1993. 

Mlkros,  B.,  LTJO,  Hallanlc  Navy, 
"Mitigation  of  IMl/RFZ  Produced  by  a 
1.2  KW  Ghlntarruptabla  Power  St^pply, " 
Master's  Thesis  In  Rlactrlcal 
Rnglnaarlng,  Saptaabar  1993. 

DOO  RST  TMCHMOLOOr  ARIAt  Sansors. 

KRTWORDSt  Rlactroaagnatlc 
BnvlronsMntal  Rffacts,  Cirisaiin i cation 
Systems,  Man-made  Noise. 
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CqaiOHICilTIOlI  SYSTBI  PBtFORilMICg  lVM.qikTIQM  MUD 
HIGH  lATITTOK  PRQPAGJiTIOW  RgSlMtCH 
K.  W.  Adler,  Senior  Lecturer 
W.  R.  Vincent,  Senior  Reeeercher 
Depertaent  of  Blectrlcal  and  Coaputer  Engineering 
Sponsor  and  Funding?  COMHAVSBCGRH 


OBJECnVB:  Th«  goal  of  thla  sixth 
yaar  of  a  continuing  project  was  to 
conduct  nuBiarical  analysis  and 
aivarisMntal  rasaarch  in  support  of 
tha  Navy's  raqulrasnnt  to  site  VLF 
through  QHP  coasBunication  antanna 
systasw  and  support  aqulpmant  in  non- 
idaal  locations  such  as  polar  and 
aquatorlal  regions  containing  rugged 
terrain.  A  program  of  support  for 
Invastlgatlng  tha  radlowava 
propagation  charactarlstica  of  tha 
polar  (high- latitude)  and  tha 
aquatorlal  Ionosphere  was  Initiated 
in  1990  and  continued  in  1993. 

SOMIASTi  During  this  sixth  yaar  of 
tha  effort  nusMrlcal  BK>dals  of 
antennas  ware  developed  for  use  at  a 
new  NSCD  site  in  Shemya,  AK.  The 
electrical  characteristics  of  the 
earth  at  several  dosen  NS6  sites  were 
SMasured  and  used  to  predict  the 
affect  of  the  ground  beneath  antennas 
deployed  at  the  sites.  Numerical 
B»dels  of  coBBnercial  and  NFS -built  BF 
receiving  antennas  were  developed  and 
used  to  provide  gain  values  for  an 
ionospheric  field  strength  model. 
Selected  BF  ionospheric  propagation 
prediction  codas  ware  evaluated  and 
compared  to  measured  data  for  polar 
regions .  NFS  has  boon  selected  as 
the  agency  to  oversea  the  development 
of  theoretical  and  nustorlcal  models 
for  the  effects  of  Irregular  terrain 
on  the  performance  of  BF  and  VBF 
antennas.  Fann  State,  LLNL,  and  NFS 
are  in  the  last  year  of  developsient 
of  different  typos  of  terrain  effects 
models.  This  project  will  integrate 
those  models  into  the  trl- service  RF 
Nisslon  Flannlng  Workstation,  being 
developed  by  the  sponsor.  A  three - 


day  conferanco  on  Trans -Bqua tor ial 
and  Near-Bquatorial  Fropagatlon  was 
hosted  at  NSF  in  June  1993  for  CNSO. 

FDBLICATIOaSt  Vincent,  N.R.,  "Man- 
Made  Radio  Noise  at  NRaO  Site  F17," 
NSG  Technical  Report,  July  1993. 

Vincent,  N.R.  and  Adler,  R.N. , 
"Receiving  Conditions  at  NSGD 
Shemya, "  NSO  Technical  Report,  August 
1993. 

Vincent,  N.R.,  "Radio  Interference  at 
the  NFS  Beach  Receiver  Site,"  NSO 
Technical  Report,  Novesdber  1993. 

Vincent,  W.R.  and  Adler,  R.W.,  "Field 
Testing  of  Bngineerlng  Models  of 
Bigh-Dynamic  Range  Amplifiers,"  NSO 
Technical  Report,  December  1993. 

Bunsucker,  R.D.,  Rose,  R.B.,  Adler, 
R.W.,  and  Lott,  O.K.,  "First  Results 
from  Alaska  Auroral -B  Fropagatlon 
Bjqperlawnt, "  Frocaadlngs  of  the  Solar 
Terrestrial  Fredlction  Workshop, 
December  1993 . 

TBBSB8  DIRBCTNDt  Nllatos,  O.D.,  LT, 
Bellenlc  Navy,  "Evaluation  of  Site 
Effects  on  a  Blgb  Frequency  Direction 
Finding  Single  Site  Location  System, " 
Master's  Thesis  in  Electrical 
Engineering,  March  1993. 

McKinstry,  J.W.,  LT,  USN,  "A 
Coaq^arlson  of  Trans -Equatorial 
Ionospheric  Fropagatlon  Fredlction 
from  AMBCOM  with  Measured  Data, " 
Master's  Thesis  in  Electrical 
Engineering,  March  1993. 

DOD  BET  nCBMDLOOr  ABBA:  Sensors, 


137 


Baviron— n t»l  Bf facta. 


KBTWOBDSt  Blactroaagnatle 

Bnvlronaan tal  Bffacta,  Coaanmlcatloa 
Syataaa,  Man-Mda  Moisa,  Antannaa, 
Radlowava  Propagation. 


FTm  gTATiqW  gyPPQfg 

R.W.  Adlnr*  Senior  Lecturer 
W.S.  Vincent,  Senior  Researcher 
D.Z.  Wadsuorth,  Senior  Lecturer 
Oepartaent  of  Blectrical  and  Conputer  Ruglneering 
Sponsor  and  Funding:  U.S.  Amy  zmCOM 


OBJBCrXVBt  Tha  Aray'a  SXaZMT  aitaa 
in  Koraa  wara  aubjaetad  to  an 
invaatigation  by  tha  BPS  Signal 
Bnhancaawnt  Lab  ataff  to  aaaaaa 
parforatanea  and  to  idantify  factora 
that  wara  dagrading  parfomanea. 

sasaunr*  Tha  Amy' a  Fiald  Station 
XORBA  Tactical  SIOIMT  aita  at  Caap 
Buaqphray  raguirad  a  thorough  aita 
parforauuica  invaatigation.  NPS  uaad 
taehniguaa  davalopad  for  tha  Maval 
Sacurity  Group  BFDP  aitaa  to  idantify 
tha  kay  factora  of  tha  inatallation 
that  amat  ba  addraaaad  if  aita 
parfomanea  ia  to  ba  raatorad  and 
Mintainad.  Ona  of  tha  thraa  DMZ 
datachBMnta  waa  alao  viaitad  by  tha 
UPS  taaa  to  aaaaaa  tha  atata  of 
parfomanea  and  idantify  factora  that 
dagradad  parfomanea. 

Racoaaandationa  for  mitigation  of 
noiaa  aoureaa  which  wara  locatad  waa 
nada. 

PTOLICATIOnt  Vincant,  W.R.,  Adlar, 
R.W.,  and  Wadaworth,  D.Z.,  "Quick- 
Look  Raport,  USA  Fiald  Station  KORBA 
and  DMZ  Dat.  L, "  May  1993. 


THB8B8  DXRBCllDt  Langa,  R.M., 
■Signal  Aeguiaitlon  and  Analyaia 
Syatam, ■  Maatar'a  Thaaia  in 
Blactrieal  Bnginaarlng,  JUna  1993. 

ThcaMa,  P.C.,  MAJ>  USA,  "A  Coepariaon 
of  Tactical  and  Strataglc  SOX 
Recovery, ■  Maatar'a  Thaaia  in 
Blactrieal  Bnginaaring,  Saptaebar 
1993. 

Shanlay,  K.B.,  CAPT,  DSA,  "An 
Anplituda  Diatribution  Study  of 
Salaetad  Signala  of  Military  Xntaraat 
in  tha  BF  and  VHF  Bands  (D) ,  ” 
Master's  Thaaia  in  Blactrieal 
Bnginaaring,  Saptaebar  1993.  (TOP 
SBCRBT  Thesis) 

DOO  BBT  TBCHMOLOar  ABBAt  Sensors. 

KBTWORDSt  Blactromagnatic 
Bnvironmantal  Bf facts,  Cceeunicatlon 

Systans,  Man-aada  Hoisa. 


AN  ADAPTIVE  KSTIlOlTKai  TBCHMIQOg  FOR 
CONTROLLING  ACTIVK  POWER  LI1I»  COMDITTninrag 
R.W.  Ashtooc  Assistant  Pro£sssor 
Department  of  Blectrical  and  Cosputer  Rngineering 
Sponsor  and  Funding;  NFS  --  Researcli  Initiation  Program 


OBJSCTIVS:  The  implementation  o£  a 
computer  controlled  ayatem  which  at 
leaat  in  part  actively  compenaatea 
for  hanaonica  in  a  power  ayatem  with 
only  the  knowledge  of  the  bua 
voltage. 

SnsItkFTg  Due  to  the  proliferation  of 
power  electronica  devlcea  in  recent 
yeara,  the  amount  of  harmonic  current 
injected  into  the  power  ayatem  ia  on 
the  increaae  caualng  undealrable 
voltage  waveform  dlatortion.  Thla 
dlatortlon  can  cauae  additional 
loaaaa  in  awitchgear,  rotating 
machlnea  and  tranaformera.  Induction 
laachinea  may  vibrate  due  to  paraaltlc 
torquea  or  not  develop  aufflclent 
atartlng  torque.  Capacitora  will  age 
faater  due  to  exceaalve  dielectric 
loaaea  and  atreaa.  The  goal  of  thia 
reaearch  la  to  loqplement  a  ayatem 
which  can  at  leaat  in  part  cancel 
harmonic  currenta  in  a  power  ayatem 
with  only  the  knowledge  of  the 
diatorted  bua  voltage.  The  power 
ayatem  characteriatica  are 
eatabllahed  through  eui  adaptive 
eatlmation  technique  which  feeda  and 
Active  Power  Line  Conditioner  with 
the  proper  control  Inforaiation 


through  an  iterative  proceaa.  The 
adaptive  eatlmation  ayatem  could  alao 
be  uaed  to  aupply  power  to  a  number 
of  dc  loada  while  at  the  aame  time 
companaatlng  harmonica  on  a  aource  ac 
bua.  The  idwle  ayatem  la  controlled 
ualng  a  peraonal  coafputer  making  it 
flexible  to  the  needa  of  a  particular 
power  ayatem. 

PUBLICATIOM:  Aahton,  R.W.  and 
Saumual,  A.B.,  "An  Adaptive 
Ratiaiation  Method  for  Harmonic 
Voltage  Mlnimlxatlon  by  Meana  of  Lina 
Condi tlonera, ■  IBRB-PRS,  Summer 
Meeting,  San  Diego,  CA,  July  1991, 
Paper  91  SM  307-9  PWRD. 

THB8IS  DISBCTBDt  Zupfer,  J.B.,  LT, 
DSN,  "Optlaml  Adaptive  Batimation 
Algorithm  for  Harmonic  Current 
Reduction  ualng  Active  Power  Line 
Conditionera  with  liaiited  Power, " 
Maater'a  Thaala  in  Blectrical 
Bngineerlng,  December  1993 . 

DOD  BBT  TMCBMOLOOT  ARBA:  Other. 

KBXWORD8:  Lina  Conditionera, 
Harmonica,  Adaptive  Batlmation, 
Active  Flltera. 
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J.T.  Butlar,  ProfMsor 

Diqpartaant  of  Bl«ctric«l  and  Ccaqputar  Bnginaaring 
Sponsor  and  Fundings  Naval  Poatgraduata  School 


OBJacnvS:  Thi«  project  !•  directed 
toverd  the  development  of  computer- 
elded  design  tools  for  multiple- 
valued  circuits.  Specifically,  our 
effort  la  directed  to  further 
developing  the  simulated  annealing 
technique,  a  search  technique  that 
can  potentially  produce  exact 
designs,  unlike  heuristic  approaches 
proposed  by  other  researchers. 

SCMMhKT:  Significant  progress  was 
auide  In  four  areas:  1)  extension  of 
the  alanilated  annealing  technique,  2) 
use  of  feedback  In  Improving 
combinational  logic  circuit  design, 
3)  use  of  the  pseudo -Xronecker 
expansion  for  use  In  designing  field- 
programmable  logic  arrays,  and.  4) 
use  of  the  universal  literal  for 
programmable  logic  array 
Implementation . 

Our  present  work  on  simulated 
annealing  showed  that  this  technique 
has  significant  promise  In  designing 
multiple-valued  programsiable  logic 
arrays  (MVL-FLA)  [Butler,  1993] .  An 
Important  benefit  was  the  potential 
for  finding  the  minimal  size  MVL-PIA 
In  every  case,  a  quality  not  shared 
by  any  other  known  approach.  Our 
experioMntal  results  confirmed  that 
It  produced  i&ore  efficient  designs 
than  any  other  known  approach. 
However,  siaiulated  annealing  is  a 
search.  We  developed  our  algorithm 
so  that  the  search  could  be  conducted 
by  multi -processors,  and  showed  the 
relative  merit  of  various  numbers  of 
processors  [Yildlrim,  Butler,  and 
Yang,  1393]  .  In  conventional 
simulated  annealing,  there  is  the 
possibility  that  the  search  will 
occur  repeatedly  the  same  part  of  the 


search  space.  To  avoid  this,  we 
developed  an  algorithm  that  tised 
history  to  decide  on  directions  of 
search,  and  prograsaaed  It  so  that  It 
%rould  tend  to  move  away  from  regloni^ 
already  searched.  This  Is  called  a 
"tabu"  search,  because  It  labels  as 
tabu  moves  that  would  take  it  to 
regions  already  visited.  The  result 
showed  that  we  could  either  produce 
better  results  in  the  same  time  as 
classical  simulated  annealing  or  we 
could  obtain  comparable  results  In  a 
shorter  time. 

A  very  Interesting  discovery  was  that 
feedback  In  combinational  logic 
circuits  could  be  used  to 
significantly  reduced  circuit 
complexity  In  multiple-valued 
circuits  [Butler  and  Basao,  1994] . 
Feedback  Is  comsonly  used  In 
sequential  circuits,  circuits  that 
"reaiember"  past  inputs.  Most  design 
engineers  associate  feedback  only 
with  sequential  circuits.  Our 
discovery  was  that  feedback  could  be 
used  to  significantly  reduce  the 
cooqplexity  of  multi-output  circiilts. 
Specifically,  we  showed  a 
combinational  circuit  that  had  only 
six  gates  with  feedback,  vdille  the 
sasw  combinational  circuit  without 
feedback  requires  at  least  ten  gates. 
He  are  very  interested  in  pursuing 
this  result  to  better  understand  it. 
so  as  to  make  it  useful  in  Navy 
computing  applications. 

He  have  begun  to  study  the  design  of 
field  programswble  gate  arrays 
(PPQA's).  Such  devices  have 
potentially  better  density  capability 
than  PIiA's.  Ha  show  an  algorithm  for 
the  generation  of  near-adnlmal 


140 


daslgna  that  usaa  tha  Kronackar 
rapraaantation  [Sasao  and  Butlar, 
1994]  . 

In  anothar  affort,  wa  ahowad  that  tha 
uaa  of  tha  \inivarsal  lltaral  raqulraa 
algnlflcantly  saallar  PXA  araa  than 
thn  uaa  of  convantlonal  "window" 
lltarala  [Duack  and  Butlar,  1994] . 

POBLICATIOHS:  Butlar,  J.T., 
"Raaaarch  on  Multipla-Valuad  Logic  at 
tha  Haval  Poatgraduata  School," 
Naval  Raaaarch  Raviawa .  Four/1992 
Ona/1993,  Vol.  XLIV/Vol.  XLV,  pp.  2- 
-8. 

Yildlrim,  C.,  Butlar,  J.T.,  and  Yang, 
C.,  "Multipla-Valuad  PLA  Miniail- 
zation  by  Concurrant  Multipla  and 
Mixad  Sinulatad  Annaaling, "  in 
Procaadinga  of  tha  23rd  International 
SyxqpoaiuB  on  Multipla-Valuad  Logic, 
pp.  17-23,  May  1993. 

THKSBS  DIRMCTSD:  Ylldiriffl,  C.,  LTJG, 


T'.rkiah  Navy,  "Multipla-Valuad 
Prograna&abla  Logic  Array  Mlnladzatlon 
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R.  Cristi,  Associate  Professor 
Departawnt  of  Blectrical  and  Caafmter  Engineering 
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OBJSCTIVS:  This  project  elina  at  the 
design  o£  a  control  systea  for 
rapid  pointing  of  an  antenna  for 
SHF  satellite  coomiinication.  Primary 
objective  is  the  estimation  of 
offsets  due  to  installation  and 
construction  tolerances,  which 
affect  the  extremely  tight  pointing 
tolerance  of  two  degrees.  This  is 
the  second  year  of  the  project,  began 
in  FY  1992. 

SmsCUtT:  The  Navy  Extremely  High 
Frequency  (EHF)  antenna  program 
utilizes  a  three  axis  antenna 
possibly  mounted  on  a  ship.  Due  to 
the  very  short  wavelength  Involved, 
the  positioning  accuracy  is  very 
restrictive.  In  an  effort  to 
alleviate  errors  induced  by  machine 
and  installation  tolerances,  very 
lengthy  procedures  are  currently 
Involved  to  properly  align  the 
antenna  axis.  An  alternative  way 
proposed  in  this  research  is  to  model 
the  Installation  errors,  and  estimate 
the  parameters  from  data  collected  on 
the  control  system  during  satellite 
tracking.  To  this  goal  the  use  of 
Euler's  parameters  has  shown  to  be  a 
very  effective  tool,  and  a  conq>lete 
siatheBiatical  model  has  been  derived. 
The  parameters  are  estimated  by 


robust  least  squares  techniques  on 
the  basis  of  measurements  from  the 
Inertial  navigation  of  the  ship 
(heading,  pitch,  and  roll) ,  the 
ephemeris  of  the  satellite  tracked 
and  the  commands  given  to  the 
antenna's  syncros.  Data  collected 
from  the  ship  cruising  at  different 
headings  provide  sufficient 
information  to  insure  that  the 
technique  is  well  conditioned  and 
least  sensitive  to  zMssurezMnt 
errors . 

PDBUCATIOH:  Cristi,  R.,  and  Riling, 
W.  D.,  "The  Application  of  Euler 
Parameter  Techniques  to  the 
Estiziation  and  Correction  of  Offset 
Errors  in  an  Bxtrastely  High 
Frequency  (EHF)  Antenna, "  NPS 
Technical  Report,  to  be  completed  in 
February  1994. 

OTHER:  Software  code  is  currently 
under  developzient  to  be  operational 
in  the  field. 

DOD  RET  TECHHODOCrr  AREA:  Communi¬ 
cations  Networking. 

KEYWORDS :  Communications ,  Control , 
Estimation. 
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BASIC  RBSKMtCH  INTO  UAVELXTS  AMD  THEIR  APPLICATIQM 
TO  UHDKRUATKR  SURVBTI.TJtMPg  ppnwT.Mig 
N.P.  Farguea,  Assistant  Professor 
R.  Hippenstlel,  Associate  Professor 
Departawnt  of  Electrical  and  Ccaputer  Engineering 
Sponsor:  HCCOSC*  San  Diego,  CA 
Funding:  Naval  Postgraduate  School 


OBJSCTXVBt  Th«  goal  of  thla 

continuing  project  la  to  Invaatlgata 
the  propartlaa  of  wavalata  aa  they 
relate  to  underwater  aurveillance 
detection  and  identification 
probleaa . 

sasoUKT:  The  atudy  of  the  apectruin 

of  aignala,  uaually  imbedded  in 
additive  nolae,  la  important  in 
SONAR/RADAR  target  detection  and 
target  identification.  Time- 

Frequency  (TP)  tranaformatlona  have 
been  uaed  to  track  time -varying 
algnal  varlationa.  However,  abrupt 
changaa  in  the  algnal  behavior  cannot 
be  almultaneoualy  analyzed  ualng  TF 
tr  ana  forma  with  long  duration  windowa 
required  for  good  frequency 
reaolutlon  and  abort  duration  windowa 
required  for  good  temporal 
reaolutlon.  A  good  compromlae  can  be 
obtained  with  the  Wavelet  tranaform 
(WT)  which  la  better  able  to  track 
abrupt  changea  in  algnal  behavior. 

Four  flUkln  implementationa  of  the 
Wavelet  tranaform  have  been 
conaldered.  The  "Dlacrete” 

contlnuoua  Wavelet  tranaform,  and 
throe  recuralve  diacrete 

implementationa  of  the  WT.  The 
diacrete  iaplementatlona  conaldered 
were  the  decimated  and  undeclmated 
A-Troua  algorithm,  and  the  Mallat 
algorithm.  The  Morlet  wavelet  waa 
uaed  for  the  A-Troua  implementationa. 

Varloua  aynthatic  aignala  have  been 
exaadned  ualng  the  different  WT 
repreaentationa .  In  addition,  the  WT 
and  TF  implementationa  have  been 


applied  to  detect  real-world  Ultra- 
wideband  (DWB)  tranalent  aignala  in 
non-atationary  aea  clutter  and  RFI 
interference.  The  UWB  data  waa 
provided  by  the  Radar  Branch  of 
NCCOSC,  San  Diego,  CA.  Reaulta  ahow 
that  better  performance  la  obtained 
ualng  the  A-Troua  WT  algorithm  to 
detect  the  tranalent  aignala 
accurately  while  other  TF 
repreaentationa,  except  for  the 
Inatemtaneoua  Power  Spectrum,  were 
not  able  to  detect  the  tranalenta. 
Reaulta  alao  ahow  that  the  choice  of 
the  nvonber  of  volcea,  the  center 
frequency  and  the  rolloff  coefficient 
of  the  Morlet  wavelet  may  be  uaed  to 
enhance  detection  of  the  tranalenta 
conaldered  in  the  atudy. 

COWFRRKHCB  PPBUCATIOHB :  Farguea,  M. 
P.  and  Brooka,  W.,  "Ultra -Wideband 
Radar  Tremalent  Signal  Detection 
ualng  Time -Frequency  and  Wavelet 
Tranaforma,”  4  th  Annual  Wavy  R6D 
Information  Exchange  Conference, 
Naval  Command,  Control,  and  Ocean 
Surveillance  Center,  RDT&B  Dlvlaion, 
April  1993.  (Unclaaaif led  Abatract 
publlahad) . 

Farguea,  M.P.  and  Brooka,  W. , 
"Application  of  Tlam- Frequency  and 
Time-Scale  Tranaforma  Analyaia  to 
Ultra  Wideband  Radar  Tranalent 
Slgnala,"  in  Proceedinga  of  the  4th 
SPIB  Conference  on  Advanced  Signal 
Proceaaing  Algorithma,  Architecturaa, 
and  laplementatlona ,  San  Diego,  1993, 
Vol.  2027,  pp. 180-193. 
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asWf  ■Coaparlaoa  of  Multlroaolutlon 
Toohnlquoa  for  Digital  Signal 
Proeaaaing>*  Maatar'a  Tbaaia  in 
llaotrioal  Knginaaring.  Karoh  1993. 

OxaBlt  Wavalat  Transform  aoftwara 
daaignad  to  dataet  DUB  tranaiant  in 
tha  praaanca  of  non  atationary  noisa 
and  RPX  intarforanca  providad  to  tha 
Radar  Branch  of  MCC08C,  San  Diago, 
CA«  OaeaaAiar  1992. 

Journal  papar  in  preparation. 
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raVKSTlGATIOM  OF  SPgCn»l.-BAgm  TOTMIQOIS 
FOR  CIASSIFICKTIOW  OF  WIPTO^tm  i-ai^piTfiyr  ffymamTJi 
M.P.  Farguea,  Aaslstant  Pro£««aor 
R.  Hlppanatlel,  JUisoclat*  Professor 
Department  of  Blectrleal  and  Ccsvuter  Xngineertng 
Sponsor  and  Funding:  US  Arsy  Coaaunleations  Center  for 

Signal  Warfare 


raJBCnvij  Th«  goal  of  this  pro j  act 
ia  to  invaatigata  and  to  laqplaaMnt, 
uaing  Fortran,  a  faat  and  raliabla 
way  to  claaaify  widaband  translant 
signals  providad  by  tha  sponsoring 
organization . 

SnSSaRT:  This  study  invastigatas  two 
spactral-basad  procaduras  to 
afficiantly  classify  cartain  claasas 
of  transiant  signals.  Both  schamas 
usa  a  salactad  numbar  of  spactral 
coafficiants  for  tha  classification 
procadura.  Tha  first  approach 
considarad  usas  spactral-basad 
naasuras  to  distinguish  batwaan 
classas  of  transiants.  Four 
dlffarant  ataasuras  ara  studlad:  tha 
normalizad  cross -corralation 
coafflciant,  the  Bhattaeharyya 
distance,  tha  dlvarganca  (ralatad  to 
tha  Kullback-Llabler  numbar) ,  and  tha 
Biodif  lad  normalizad  cross-corralation 
coafflciant.  Results  show  that  tha 
four  measures  can  be  used  to  classify 
tha  transiants  in  different  classas. 
They  also  indicate  that  a  batter 
parformanca  is  obtained  whan  using 
the  normalized  cross-corralation 
measure  (MNCC) .  Furthermore,  the  MHCC 
has  a  natural  interpretation  which 
allows  for  a  simple  interpretation  by 
a  human  operator. 

Tha  second  approach  considered  uses  a 
back-propagation  neural  network  (NN) 
approach.  The  NN  is  trained  to 
distinguish  between  the  different 
classes  of  signals  provided  by  the 
sponsor.  Results  show  that  the  MN 


can  be  successfully  trained  to 
distinguish  between  tha  three 
different  classas.  Results  ara  found 
to  be  consistent  with  thosa  obtained 
using  tha  spactral-basad  approach. 
Tha  main  drawback  behind  tha  MH 
approach  la  that  it  requires  a  large 
nusd>ar  of  data  to  bo  trained  with 
enough  reliability. 

PUBUCBTIGHSt  Farguas,  M.F.  and 
Hlppanstial,  R.,  ■Investigation  of 
Spactral -Based  Tachnlquas  for 
Classification  of  Widaband  Transiant 
Signals,”  NFS  Technical  Report, 
MPSBC-93-008,  30  March  1993. 

OTHBKt  Hlppanstial,  R.  and  Farguas, 
M.P,,  "Classification  of  Widaband 
Trasisiant  Signals  Using  Spactral - 
Based  Techniques,”  in  Frocaadlngs  of 
the  27th  Asllomar  Conference  on 
Signals,  Circuits,  and  Conputars, 
Pacific  Orova,  CX,  October  1993. 

Farguas,  M.P.  and  Bippanstlol,  R., 
■On  Using  Spactral -Based  Moasuros  to 
Classify  Transient  Signals,” 
submitted  to  tha  7  th  Signal 
Processing  Workshop  on  Statistical 
Signal  and  Array  Processing,  to  be 
bald  Juno  26-29,  1994,  Quebec  City, 
Canada. 

DOO  XHT  THCHMOLOGT  ARHAt  Bloctronic 
Davicos . 

xnwiraDSt  Transiant  Detection/ 
Classification,  Spactral  Distance 
Measure,  Houral  Matwork  Application. 
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M.P.  Farguas,  Aasistant  Profaaaor 
K.  Crlatl,  Jkaaoclata  Profaaaor 
Dapartaant  of  Blactrlcal  and  Ccaqputar  Bnginaarlng 
Sponaor  and  Funding:  MOna 


OajaCTIVBt  Th«  goal  of  this 
continuing  project  i«  to  invaatigata 
tha  applicationa  of  raducad-rank 
Autoragraasiva  (AR)  and 
AutoRagraaaiva-NOving  Avaraga  (ARMR) 
aodaling  tachniquaa  to  identification 
of  biological  underwater  aounds. 

SWIRRTi  Tha  firat  part  of  tha 
raaaarch  invaatigatad  tha  application 
of  reduced  rank  AR  aiodaling  to  tha 
identification  and  claaaification  of 
varloua  underwater  biological  aounda . 
Two  claaaification  awthoda  ware 
conaidarad.  Tha  firat  aMthod 
conaldarad  Invaatigatad  tha  uaa  of 
backpropagatlon  neural  natworka  and 
raducad-rank  AR  nodala  to  identify 
biological  aounda  (auch  aa  hunpack 
whale  or  killer  whale  aounda,  for 
axaapla) .  Tha  aacond  method 
invaatigatad  tha  uaa  of  apactral 
diatancaa  (auch  aa  tha  Symmatrlxad 
Italmra  dlatanca)  for  biological 
aound  claaaification.  The  digitised 
acouatlc  data  uaad  for  tha  raaaarch 
waa  obtained  from  audio  tapaa 
provided  by  tha  Hopklna  Marina 
Station  of  Stanford  Dhivaraity, 
Pacific  Grove,  CA.  Raaulta  ahow  that 
raducad-rank  AR  modala  can  be  uaad 


auccaaafully  for  biological  aoxind 
claaaification  both  with  tha  neural 
network  conflgturatlon  and  tha 
apactral  diatanca  approach.  They 
alao  ahow  that  tha  apactral  diatanca 
aiathod  la  more  raatrictiva  aa  it 
raquiraa  a  conaiatant  aat  of  aounda 
to  be  uaad  auccaaafully  within  a 
glvan  apaciaa. 

OOHFSRMMOI  POBLZCATZOMt  Parguaa,  M. 
P.,  Criatl,  R.,  and  Vandarkamp,  M. , 
"Modeling  and  Claaaification  of 
Biological  Slgnala  Uaing  Z,aaat- 
Squaraa  Prony-SVD  AR  Modeling,"  in 
Procaadinga  of  tha  36th  Sympoaium  on 
Circulta  and  Syatama,  Detroit,  MI, 
16-18  August  1993. 

TBBSI8  DXRMCnDt  Vandarkamp,  M. ,  X,T, 
USN,  "Modeling  and  Classification  of 
Biological  Signals,"  Matstar's  Thaals 
in  Blactrlcal  Bnginaarlng,  Oacambar 
1992. 

D(X>  BBT  TBCBHOLOOr  ASBAt  Blactronlc 
Davlcas . 

BBTHORDSt  Modeling,  ondartatar 
Signal  Classification,  Spectral 

Maasuras . 
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M.P.  Farguea,  Aaaiatant  Professor 
Depertaent  of  Bleetrlcsl  szul  Ccaqniter  Bngineeriiig 
Sponsor  and  Funding:  Hbne 


OBJSCTIVB:  Th«  goal  of  this 
continuing  project  is  to  invsstigats 
tho  application  of  ths  Rank-Ravaaling 
QR  (RRQR)  factorisation  to  caag>uta 
tha  signal  inforaation,  and  to  taka 
advantage  of  tha  siaplicity  of  tha  QR 
update  to  track  snving  sources. 

SnsOkSTi  Subspace  decoaposition 
SMthoda  are  a  powerful  tool  used  in 
different  areas  of  Signal  Processing 
in  which  the  signal  inforsiatlon  is 
usually  obtained  via  eigen-based  or 
SVD-based  aethods.  These  techniques 
are  nunarically  very  stable  but 
expensive  to  update.  The  RRQR 
factorization  provides  an  attractive 
alternative  to  accoaplish  subspace 
selection.  We  have  refined  the 
original  algoritha  proposed  earlier, 
and  have  added  an  updating  capability 
to  tho  RRQR  factorization.  We  have 
applied  the  resulting  procedure  to 


the  Direction  Of  Arrival  (DOA) 
problem.  Simulations  show  the 
perforauunce  of  the  "refined*  adaptive 
RRQR-based  technique  is  siadlar  to 
that  obtained  using  classical  eigen- 
based  techniques. 

CaagaMmCE  PDBLICATTOW:  Pargues.  M. 
P.  and  Ferreira,  M.  P.,  "Adaptive 
RRQR-Based  Factorisation t  Improving 
the  Algorithm  Tracking  Capabilities,  * 
in  Proceedings  of  tho  26  th  Asllomar 
Conference  on  Signals,  Systems,  and 
Coaputers,  Pacific  Grove,  CA,  pp. 
576-580,  26-28  October  1992. 

OIHRRt  Journal  paper  in  preparation. 

DCH>  KSr  TBCBMOLOer  ARSAt  Klectronic 
Devices . 

UIWURDSt  DOA  problem.  Tracking,  QR 
Factorization. 
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D.J.  Fouta,  Aaaiatant  Profaasor 
Daparf  ant  of  llaotrieal  and  Coaputar  Knglnaaring 
Sponaor  and  Fundings  SFJMIUt 


OBJBCTZVas  Oalllua  Arsanida  (QaAs) 
digital  logic  ia  now  tha  taehnology 
of  eholea  for  high-par  fonanca, 
tarraatrial-baaad  coaputara  and 
digital  ayataaw.  rurtharaora« 
raaaareh  haa  ahown  that  OaAa  ZCa  ara 
Inharantly  hard  againat  long -tan 
as^oaura  to  high  lavala  of  ioniaing 
radiation.  Thia  tanda  to  aaka  OaAa 
logic  ideal  for  uaa  in  hlgh- 
parfomanca.  apaca-baaad  coaputara 
and  digital  ayataaa.  Rowavar«  OaAa 
logic  auffara  fren  alngla  avant  upaat 
(SKU)  problaaM  in  high  radiation 
anvlronaMnta .  Tha  purpoaa  of  thia 
thraa-yaar  project  ia  to  atudy  and 
quantify  tha  SKU  problem  in  OaAa 
logic,  and  to  develop  SKU- tolerant 
logic  clrcuita.  Tha  effort  ia 
concentrating  on  dynaadc  logic,  auch 
as  Two  Phase  Dynamic  PKT  lk>gic 
(TDrx.) ,  because  of  its  lower  power 
consuaptlon  compared  to  static  logic. 

StOHIAKTt  Custom  hardware  for 
conducting  radiation- induced,  single 
even  upset  tasting  of  OaAa  dynamic 
logic  has  bean  designed,  constructed, 
debugged,  and  tasted.  Tha -hardware 
has  bean  used  to  teat  existing  OaAa 
dynaadc  logic  circuits,  aspacially 
Two-Phase  Dynamic  FKT  Iioglc  (TDPL) , 
for  susceptibility  to  SXUa.  With 
this  information,  predictions  have 
been  made  about  the  error  rate  for 
OaAs  dynaaiic  logic  circuits  in  a 
spacecraft  in  a  geosynchronous  orbit 
of  approxiauttaly  22,500  Bd.les.  The 
Initial  testing  phase  of  the  project 
is  now  complete. 

Results  indicate  that  OaAs  TDPXj  has 
about  the  same  sensitivity  to  SBUs, 
or  is  perhaps  a  little  less 


sensitive,  than  the  more  coaaon  forms 
of  OaAs  static  logic,  such  as 
Directly-Coupled  PXT  logic  (DCPL) . 
This  is  a  significant  result  because 
prior  to  this  research,  it  was 
assumed  that  dynasde  logic  was  more 
sensitive  to  8KUs  than  static  logic. 
OaAs  dynasdc  logic  can  now  be  used  in 
place  of  OaAs  static  logic  in  new 
spacecraft  systems,  which  will  result 
in  a  significant  power  saving  while 
maintaining  high  speed  aeration. 

The  preferred  method  for  increasing 
SKU  tolerance  is  to  change  the  logic 
circuit  at  the  transistor  level  by 
utilising  techniques  such  as 
redundancy.  This  frees  the  logic 
designer  and  the  system  architect 
from  having  to  worry  about  8XOs,  and 
is  also  less  expensive  than  alternate 
methods,  such  as  modifying  the 
fabrication  process  to  reduce 
transistor  venerability.  Therefore, 
ongoing  research  is  attempting  to 
develop  dynamic  logic  circuits  that 
are  even  more  tolerant  of  the 
transient  errors  caused  by  8XUs. 
New,  ajqperiamntal  OaAs  logic  circuits 
have  been  designed,  and  their 
operation  has  been  simulated.  A  new, 
full  custom,  8XU  test  and  evaluation 
IC  has  been  designed  and  implemented, 
and  is  currently  being  fabricated. 
The  purpose  of  the  test  and 
evaluation  ZC  is  to  provide  a  smthod 
for  evaluating  the  characteristics  of 
the  new  logic  circuits,  both  under 
normal  environmental  conditions  and 
under  radiation. 

THX8K8  DIRBCTIDt  Wolfe,  Kurtis  A., 
LT,  USN,  "dingle  Ivent  Upsets  in 
Gallium  Arsenide  Two-Phase  Dynamic 


WET  Ziogle,"  Itastar's  Th«als  in 
llaetrlcal  Knglnaarlng,  D«c«ab«r 
1993. 

Butlar,  Miehaal  P.,  LCDR,  U8M,  "Taat 
Mathoda  and  Cuaton  Bardwara  for 
Functional  Taatlng  of  a  Blgh-Spaad 
OaAa  DRAM,*  Maatar'a  Thaala  in 
Blaetrlcal  Bnginaaring,  Saptanbar 
1993. 

OUBRRt  Tha  prlnazy  raaaarch  output 
from  thla  projact  haa  baan  cuatoai 
bardwara  for  conducting  radlatlon- 
inducad  alngla  avant  upaat  taatlng  of 
OaAa  dynamic  logic.  Alao,  In 
addition  to  tha  journal  publication 
and  tha  two  ralatad  thaaaa,  bimonthly 
prograaa  raporta  hava  baan  wrlttan 
and  forwarded  to  tha  contract 
monitor.  Savaral  of  thaaa  prograaa 


raporta  hava  bawt  avvpllad,  by 
raquaat,  to  an  Indua trial 
corporation,  and  tha  raaulta  of  thla 
raaaarch  hava  already  baan 
Incorporated  Into  tha  daalgn  of  a  new 
BASA  aatalllta. 

Fouta,  D.J.,  "Single  Bvant  Ojpaata  la 
Gallium  Araanlda  Dynamic  Logic,* 
IBIK  Tranaactlona  on  ^laar  Science, 
in  review. 

DGO  BBT  TSnifKI^OCF  ARBAs  Computara. 

KBTWOROSt  Radiation  Bard 
Blactronlca,  Blgh-apaad  Computing, 
Space  Blactronlca. 
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O.S.  0111,  Visiting  Associate  Professor 
Departaent  of  Electrical  and  Cosputer  Engineering 
Sponsor  and  Funding:  Office  of  Naval  Research 


OSJBCTXVSt  Th«  goal  of  thla  pro j act 
la  to  invaatigata  wavaforaa  for  Ultra 
Nidaband  (UNB)  radara  and  to  Idantify 
auitabla  aignal  procaaalng 
tachnlguaa.  Tha  atudy  of  wldaband 
radar  algnala  will  alao  ba  Includad 
In  tbla  ongoing  pro j act. 

snsnunrt  initially,  tha  ganaratlon 
of  two  dlffarant  typaa  of  UWB 
wavafonaa  waa  undartakan  In  thla 
pro  j  act.  In  tha  Inpulaa  wavafom 
araa  an  aaaaaaaMnt  waa  mada  of  tha 
tachnology  which  la  balng  davalopad 
for  high  powar  nlcrowava  aourcaa. 
Ganaratlon  of  high  powar  Inpulaaa 
ragulraa  anargy  conpraaalon,  that  la, 
BMchanlaaa  to  atora  and  to  ralaaaa 
tha  anargy.  Tha  tachnology  of  both 
aapacta  waa  axaadnad. 

Tha  ganaratlon  of  a  aacond  wavaform 
baaad  on  Fourlar  aynthaala  waa  alao 
axaalnad.  Fourlar  baaad  wavafonaa 
hava  aavaral  advantagaa  ovar  lopulaa 
wavafonaa  auch  aa  accurata  control  of 
pulaa  ahapaa,  pulaa  rapatltlon 
Intarval,  and  tha  apactrun.  Thla 
Bwthod  waa  axtandad  to  tha  ganaratlon 
of  binary  codad  wavaforaa.  Tha 
ganaratlon  of  auch  codaa  la  laportant 
aa  It  allowa  for  the  uaa  of  longar 
pulaaa.  Thaaa  codad  pulaaa  contain 
BK>ra  anargy  and  loqprova  tha  aignal  to 
nolaa  ratio  whlla  atlll  ratalnlng  tha 
ranga  raaolutlon  and  othar  banaflta 
of  aawllar  pulaa  wldtha. 

Alao,  aablgulty  function  tachnlquaa 


ware  aaployad  to  Invaatigata  tha  UNB 
wavafonaa  Including  tha  onaa  propoaad 
and  davalopad  In  thla  atudy. 

THBBBS  DXBSCRD:  Balao-Fang,  C., 
"Navafora  Ganaratlon  for  Ultra 
Wldaband  Radar  Syatae, "  Maatar'a 
Thaala  In  Blactrlcal  Bnglnaarlng, 
Dacaabar  1991. 

Laon  Guarra,  B.,  LT,  Vanasualan  Navy, 
"Ganaratlon  of  tha  Aablgulty  Function 
for  Ultra  Wldaband  Wavafonaa, ” 
Maatar'a  Thaala  In  Blactrlcal 
Bnglnaarlng,  Juna  1993 . 

Andaraon,  T.,  "An  AaaaaaaMnt  of 
Tachnology  for  High  Powar  Nlcrowava 
Zavulaa  Sourcaa,"  Maatar'a  Thaala  In 
Blactrlcal  Bnglnaarlng,  Juna  1993. 

OTBBR:  Tha  following  papara  hava 
baan  accaptad  for  publication: 

Gill,  G.  S.,  Halao-Fang,  C.,  and 
Hall,  J.,  "Wavafom  Synthaala  for 
Ultra  Wldaband  Radar, "  In  Procaadlnga 
of  tha  IBBB  1994  National  Radar 
Confaranca,  Atlanta,  GA,  March  1994. 

Gill,  G.  S.,  "Signal  Procaaalng  In 
Ultra  Wldaband  Radara,"  In 
Procaadlnga  of  tha  8PIB  Confaranca, 
Orlando,  FL,  J^rll  1994. 

DOD  BBT  TBCHHOXiOOT  ABBA:  Sanaora. 

KBXWORDSt  UWB,  Wavaforaa,  Signal 
Procaaalng . 


PAMSAT  COMWWICATICWS  8T8TWI  PKSlCai 
T.T.  Ha,  Professor 

Department  of  Bleetrical  and  Ccnputer  Engineering 
Sponsors  and  Funding:  SPANAS  40,  Kaval  Postgraduate  School 


OBJSCTIVB:  Th«  purpos*  of  this 

roaoarch  pro j act  la  to  daalgn  and 
build  a  braadboard  dlract  aaquanca 
apraad  apactrua  tranaracaivar  for  tha 
Patita  Aaataur  Havy  Satalllta 
(PANSAT)  . 

SOBIABXi  A  dlract  aaquanca  apraad 
apactrua  (DSSS)  tranaracaivar  for 
PANSAT  waa  daalgnad  and  waa  built. 
Tha  tranaracaivar  waa  daalgnad  to 
oparata  at  9600  bpa  and  haa  a  paaudo- 
nolaa  (PN)  aaquanca  langth  of  127. 
Tha  ayatam  conaiata  of  alx  boarda. 
Board  1  la  tha  tranacaivar  front-and. 
Board  2  contalna  IT  and  datactlon 
clrculta.  Board  3  la  tha  racalvar 
tracking  circuit.  Board  4  la  tha 
BPSK  danodulator .  Board  5  la  tha 
BPSK  aK>dulator.  Board  6  contalna  tha 
PN  ganarator  and  diffarantial 
ancodar.  Additionally,  Board  6  acta 
aa  tha  intarfaca  batwaan  tha 
tranaracaivar  and  tha  digital  control 
ayataa. 


THNSSS  DmCTIDt  Brown,  A.  O.,  Ill, 
Z,T,  nSN,  ■CooBunicationa  Subayataa 
for  tha  Patita  Aeataur  Navy  Satalllta 
(PANSAT),"  Maatar'a  Thaala  In 
Blaetrical  Bnglnaarlng,  Saptaabar 
1993. 

Hurray,  T.  J.,  I,CDR,  tISN,  "Four 
Fraquancy-Shlft-Kaying  (4-FSK)  Spraad 
Spactrua  Modulator  and  Daaodulator, " 
Maatar'a  Thaala  In  Blaetrical 
Bnglnaarlng,  March  1993. 

Frlta,  T.  M.,  LT,  USM,  "A  Bl-Phaaa 
Shift  Baying  (BPSK)  Dlract  Saquanca 
Spraad  Spactrua  Modaa  for  Patita 
Aaataur  Nava  Satalllta  (PANSAT)," 
Maatar'a  Thaala  in  Blaetrical 
Bnglnaarlng,  Dacaabar  1992 . 

DOD  BBT  TBCHHOLOOT  ABBAS:  CoaHUni- 
eatlona  Natworking. 

KBXNOKDS:  Dlract  Saquanca  Spraad 
Spactrua. 
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R.  Hipp«natl«l,  Associate  Professor 
Deparfeut  of  llectrical  and  Coaputer  Bngineerlng 
Sponsor  and  Funding:  Kaval  Coeswnd  Control  Ocean 

Surveillance  Center 


OBJSCTXVSt  Th«  go«l  of  this  projoct 
is  to  Invsstlgsts  ths  psrfonuncs  of 
a  Bl-spsetrsl  rslstsd  tschnlgus  in 
dstseting  stationary  and  non¬ 
stationary  spsctral  coiqionanta. 

TnnsniTTr  larliar  rasults  indicata 
that  a  IM-D  spsctral  tschniqus  (a 
dsgsnsrata  version  of  the  Bi- 
spsetrua)  has  potential  Signal  to 
Noise  Ratio  (SNR)  gain  over 
conventional  techniques .  This  is 
partially  due  to  the  cusnilant's 
response  to  Gaussian  noise,  which 
theoretically  la  saro.  Using 
synthetic  data  and  real  ocean 
acoustic  data  the  performance  of  the 
IVi-O  technique  is  shown  in  coaparison 
with  a  conventional  spectrogram  and 
an  instantaneous  power  spectrum.  The 
rasults  of  the  simulation  (synthetic 


data)  are  supported  by  theoretical 
perforamnee  bounds. 

PUBiaCBTIOMt  Hlppenstiel,  R., 
"Analysis  Using  Bi-Spectral  Related 
Techniques,"  NPS  Technical  Report 
NPSBC-93-020,  17  Novead>er  1993. 

TBB8I8  DXRBCnDt  NcAloon,  J.R.,  LT, 
USN,  "Coaparison  of  Higher  Order 
Moment  Spectrum  Estimation 
Techniques,"  Master's  Thesis  in 
Blactrical  Rnglnaering,  1993 . 

DOO  KNT  TMCHHObOOy  ARBBi  Blectronlc 
Devices . 

XNZMORDSt  Signal  Detection/ 
Classification,  Bl-spectrum, 
CuBMlants,  Instantaneous  Rower 
Spectrum. 
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STUDY  Qg  WTnTOXimnwy  ntruwroPES  FOR  VHF  MmCWllAII 
R.  Jaiiaswaoiy,  Associate  Professor 
Department  of  Electrical  A  Computer  Engineering 
Sponsor  and  Funding:  U.S.  Amy  Communication  and  Electronics 

Command 


OBJSCnVBx  To  Invoatigat*  now 
taehnlquoa  for  wldebandlng  VHF  wlra 
antannaa  ovar  tha  fraquancy  ranga 
30--90MBZ  for  digital  radio 
applicatlona . 

SaaOkKTx  In  tha  aacond  yaar  of  thia 
two-yaar  projact,  faaalbllity  atudlaa 
wara  carrlad  out  for  convarting  a 
alapla  nonopola  antanna  into  a 
wldaband  davlca  capabla  of  oparatlng 
at  any  fraquancy  in  tha  30- -90  MHz 
ranga.  Intaraat  waa  in  fraquancy 
agility  rathar  than  in  wlda 
inatantanaoua  bandwidth.  Two  achaaaa 
wara  avaluatad.  In  tha  flrat  achaoa, 
a  aizpla  nonopola  antanna  oparatlng 
ovar  a  ground  plana  waa  loadad  with 
faat  awltching  PIN  diodaa.  Tha 
phyalcal  langth  of  tha  nonopola  waa 
varlad  by  aalactlvaly  awltching  ON  or 
OFF  tha  PIN  diodaa  to  praaant 
approxlauttaly  tha  aama  alactrlcal 
langth  ovar  tha  antira  fraquancy 
band.  In  tha  aacond  achama,  a  flxad 
langth  nonopola  antanna  connactad  to 
parallal  configuration  of  aevaral 
aiatchlng  natworka  which  could  ba 
tunad  alactronlcally  waa  conaldarad. 
Tha  matching  natworka,  whan  awltched 
aalactlvaly,  will  randar  tha  input 
Inpadanca  aa  wall  aa  tha  radiation 
pattam  of  tha  antanna  ralatlvaly 
inaanaitiva  to  fraquancy.  Overall 
afficlancy  of  tha  antenna,  including 


the  Inaertion  loaaea  of  the  PIN 
dlodea,  ctirrant  flow  through  the 
diodea,  input  inpedance  of  the 
antenna,  and  radiation  pattern  of  the 
antenna  wara  all  coaputad  uaing  an 
Intagral  aquation  tachniqua. 

POBLIChTIOHS:  Thlam,  K.  and 
Janaawamy,  R.,  "Widabanding 
Tachniquaa  for  VHF  Antannaa  II , "  NPS 
Tachnlcal  Raport  NPSBC-93-007,  March 
1993. 

Mohamed,  D.A.  and  Janaawany,  R., 
■Daaign  of  a  Continuoua  Raalativaly 
Loadad  Nonopola  Antanna, "  NPS 
Technical  Report  NPSBC-93-011,  May 
1993. 

TBXSIS  DIRMCTHD:  Thiam,  Kaam  B., 
"Deaign  of  Broadband  Nira  Antazmaa 
for  Fraquancy  Hopping  i^plicationa , " 
Naater's  Thaaia  in  Blactrical 
Bnglnaering,  March  1993. 

OTHXR:  Tha  invaatlgator  auparviaad  a 
poatdoctoral  acholar  from  Egyptian 
Air  Defanaa  on  work  ralatad  to  thia 
pro j act. 

DOD  nr  TBCBN0L06T  ARBA:  Sanaora. 

KBTNORDS :  Antannaa ,  Broadbanding 
Techniquea . 
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A}t  *  : 


MQPn.  FQtt  PttOPAfl^TTQii 

R.  Janaif ay,  Asaoclat*  Professor 
Dspsrtsisnt  of  Blsctrlcsl  snd  Cosputsr  Knalnssrlog 
Sponsor  and  Funding  i  MUvsl  Security  Group  Siqiport  Activity 


OBJBCTXVSt  To  dovolop  «  eoeputor 
aodol  for  prodlctlng  BT  wavo 
propagation  ovar  two  and  thraa 
dlaanalonal  tarraln  for  sitting 
antanna  ays  tarns  undar  varying  tarraln 
situations . 

SUHOUITi  In  tha  sacond  yaar  of  this 
two-yaar  projact«  wa  hava  davalopad  a 
cooputar  ssidal  of  alactroaagnatie 
wava  propagation  ovar  lossy. 
Irragular  tarraln.  rinlta 
diffaranoas  togathar  with  naar>fiald 
radiation  conditions  wara  usad  to 
raault  in  a  rapid  aodal  whoso 
axacutlon  tima  is  of  ordar  0(N)  and 
whosa  storaga  raqulramant  is  of  ordar 
O(N^) .  Half-spaca  Oraan's  function  is 
usad  to  furthar  raduca  tha 
cosputatlonsl  dosMin.  Tha  coda 
cosputas  tha  ground  wava  attanuation 
as  wall  as  sky  wava  pattams  for  an 
arbitrarily  polarlsad.  two 
dlsMnsional  currant  alonant  in  tha 
prasanca  of  irragular  and 
inhoaoganaous  tarraln.  Tha  coda  is 
capabla  of  handling  huga  tarraln 
irragularltios  axtonding  a  faw 
hundrod  wavalangths  whara  othor 
SMthods  tand  to  ma  inafficlant. 

SUBUCATICMIi  Janaswasiy,  R., 
"J^plicatlon  of  tha  Maasurad  Kguation 
of  Invarlanca  to  Nava  Propagation 
Ovar  Irragular,  Inhosuganaous  Tar¬ 


raln,  ■  MP8  Tachnlcal  Raport 
lfPSIC-93-018,  Octobar  1993. 

UiSKRs  Janaswasiy,  R. ,  "h  Past 
Pinito  Diffaranca  Mothod  for 
Propagation  Pradictlons  Ovar 
Irragular,  Inhoo»ganaous  Tarraln,* 
suhmlttad  to  ZMMX  Transactions  on 
Antannas  Propsoatioa.  MOvaebar  1993. 

Janaswany,  R.,  "Application  of  tha 
MRl  Mathod  to  Nava  Propagation  Ovar 
Irragular  Tarraln, "  subeittad  to  1994 
Joint  ms  AP-8  Intamational 
Sysposiue  and  UR8I  Maatlng. 

Mohamad,  O.  A.  snd  Janaswany,  R., 
"Parfomanca  of  Bayliss-Turkal  typa 
Radiation  Conditions  in  TM  Scat  taring 
by  Conducting  Cylindars,"  subad.ttad 
to  1994  Joint  AP-8  Intamational 
Symposium  and  UR8I  Maatlng. 

Tha  invastlgator  suparvisad  a 
postdoctoral  scholar  from  Egyptian 
Air  Dafansa  on  work  ralatad  to  this 
pro j act. 

DOD  xn  TMcmpiccr  ambasi  oasign 
Automation,  Rnvironmantal  If facta. 

UTNORDSi  IM  Nava  Propagation, 
Computational  llactroMgnatics . 
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RADAR  CROSS  SECTION  AMD  SCATTERING  STDDIBS 
D.C.  Jezin,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJBCTIVB:  The  goal  o£  this  research 
was  to  further  enhance  the 
capabilities  o£  a  set  of  radar  cross 
section  (RCS)  and  radome  analysis 
cos^uter  codes.  The  codes  were 
originally  developed  during  an 
earlier  phase  o£  th.^a  project,  and 
have  been  delivered  to  several  Navy 
letbs  (NRaD  and  the  Naval  Air  Warfare 
Center  in  China  Lake)  as  well  as 
private  contractors. 

RCS  analysis  has  been  applied  to 
axially  symmetric  reflector  antennas, 
including  their  feeds.  The  code  uses 
the  method  of  moments  to  accurately 
model  the  Interactions  between  the 
reflector  surfaces  and  feed.  A 
second  code  uses  a  method  of  moments 
solution  to  evaluate  the  defocusing 
and  depolarization  effects  of  curved 
radomes  on  microwave  scanning 
antennas.  This  type  of  radome  is 
frequently  used  in  fighter  aircraft 
and  missile  applications,  and  its 
presence  can  adversely  affect  the 
radar's  performance.  This  solution 
is  unique  in  that  it  allows  the 
radome  to  be  in  the  near  field  of  the 
antenna.  This  situation  is  commonly 
encountered  in  practice,  and  caumot 
be  handled  by  the  usual  radome 
models . 

Verification  and  testing  of  the 
coiiq>uter  codes  have  been  conqileted. 
Verification  consisted  of  coiiq)arlng 
computed  data  with  previously 
published  measured  and  calculated 
data.  Measurements  were  performed  on 
a  A6M-86  HARM  radome  in  the  NFS 
anechoic  chamber,  and  good  agreement 
was  obtained  between  the  two. 

Enhancements  included  revising 


several  of  the  code  subroutines 
to  allow  a  broader  range  of  antenna 
amplitude  and  phase  excitations. 
With  these  changes,  low  sldelobe  and 
shaped  beam  antennas  cam  be 
simulated. 

PDBLICATIOH:  Jenn,  D.C.,  Fletcher, 

J. B.,  amd  Prata,  A.,  *Radar  Cross 
Section  of  Axially  Symmetric 
Reflectors  with  Cavity-Backed  Dipole 
Feeds ,  "  IBBB  Transactions  on  Antennas 
amd  Propagation .  Vol.  AP-41,  No.  7, 
July  1993. 

CQHFKRXHCK  PRBSBHTATIOHS :  Jenn,  D. 
C.  and  Pogorzelskl,  R.  J.,  "Radiation 
from  a  Reflector  in  the  Near  Field  of 
a  Circular  Aperture,"  IBBB  AP-S 
International  Syiqposlxim  Digest,  Vol. 
3,  p.  1334,  1993. 

Prata,  A.,  Johns,  S.,  amd  Jexm,  D. 
C.,  "The  Modified  Qaussian  Beaus  as  a 
Slzaple  Near- Zone  Reflector  Antenna 
Feed  Model,”  IBBB  AP-S  International 
Symposium  Digest,  Vol.  2,  p.  796, 
1993. 

Jenn,  D.C.,  Framcis,  R.M. ,  and  Klopp, 

K. A. ,  "Cos^uter  Model  for  Axially 
Symmetric  Dielectric  Radomes  in  the 
Near  Field  of  a  Circular  Aperture," 
Applied  Con^utational  Blectro- 
magnetics  Symposium,  p.  785,  March 
1993. 

THBSBS  DIRBCTBD;  Chang,  D.C.,  LT, 
USN,  "Coiiq>arison  of  CoBq>utad  amd 
Measured  Transmission  Data  for  the 
AGM-88  HARM  Radome,”  Master's  Thesis 
in  Electrical  Engineering,  September 
1993. 
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Xlopp,  K.A.,  VC.  nSN,  "Gain  Loaa  and 
Pattarn  Dagradatlon  Dua  to 
Tranaalaalon  Through  Dlalaetrle 
RadoBMa,”  Maatar'a  Thaaia  In 
Blactrlcal  Snginaaring«  March  1993. 

OXBBR:  Abatract  auhad-ttad  for  1994 

ISBB  AP-S  Synpoalum. 

OOO  KIT  TICBMOlOGr  ASIA:  Sanaora. 

XSrmSDSt  Radomaa,  Radar  Croaa 
Section,  Antannaa. 
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A  STDDY  OF  THE  TKMPKRATDRB  HISTORY  OF  THE 
PANSAT  VEHICLE  OVgB  A  STMGI^  ORBIT 
A.D.  Kraus,  Senior  Lecturer 
Department  o£  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJBCTIVS:  The  scientific  objective 
of  this  research  is  to  use  an 
existing  conqputer  code  to  determine 
the  teaqperature  history  of  the  Pansat 
vehicle  over  a  single  orbit.  The 
extremes  of  tenqperature  for  both  the 
sunlight  and  shadow  zones  have  been 
approximated.  It  is  expected  that, 
because  of  the  "thermal  time 
constants,"  Pansat  will  never  attain 
these  extremes.  The  actual  maximum 
and  minlmxim  ten^eratures  have  an 
impact  on  the  design  of  the  vehicle 
and  must  be  evaluated  before  the 
vehicle  design  can  be  made  firm. 

SQIOIART:  The  impact  of  high  and  low 
temperatures  on  the  skin  of  a  space 
vehicle  is  well  known.  While  the 
glory  of  an  essentially  zero  degree 
Kelvin  heat  sink  is  appreciated,  the 
contained  equipment  "sees"  the  skin 
as  the  heat  sink. 

PANSAT  is  an  interesting  vehicle  in 
that  most  of  its  external  surface  is 
covered  by  solar  panels  and  analysis 
of  the  steady  state  performance  of 
the  vehicle  in  both  the  sunlit  and 
shadow  zones  have  shown  that  the  skin 
tenperatures  are  somewhat  high  (in 
the  sunlit  zone)  and  somewhat  low  (in 
the  shadow  zone) .  These  skin 
tesperatures  have  an  impact  on  the 
performance  of  the  storage  batteries 
used  in  conjunction  with  the  solar 
cells. 

However,  because  the  vehicle  will  not 


reskain  in  either  the  sunlit  or  shadow 
zone  long  enough  for  the  extreme 
temperatures  to  be  reached,  there  is 
prosilse  that  the  equipment  will  be 
exposed  to  more  amenable  skin 
temperatures.  This,  led  to  the  i«ork 
statement  for  this  research:  USB  AN 
EXISTING  COMPDTBR  CODE  TO  DETERMINE 
THE  SINGLE-ORBIT  TEMPERATURE  PATTERN 
FOR  THE  PANSAT  VEHICLE. 

PANSAT  has  bean  siodelad  (based  on 
up-to-date  Engineering  Inforaiation) 
both  for  steady  state  and  transient 
thermal  analysis.  The  steady  state 
model  has  been  rtm  in  order  to 
determine  the  effect  of  any  design 
changes  since  the  last  analysis. 
Weight-specific  heat  data  has  been 
incorporated  into  the  steady  state 
model  in  order  to  conduct  the 
transient  analysis.  An  iterative 
transient  analysis  has  been  performed 
with  the  analysis  cutoff  determined 
at  the  point  where  the  temperatures 
at  entrimce  at  both  the  sunlight  and 
shadow  zones  do  not  differ  by  siore 
than  0.1  deg  F  for  three  successive 
passes. 

DOD  KEY  TBCHMOLOGT  AREAS : 
Environmental  Effects,  Software. 

KETWORDS:  Space  Vehicle,  Orbital 

Effects,  Sunlit  and  Shadow  Zones, 
Computer  Aided  Design  and  Analysis. 
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THE  FEASIBILITY  OF  A  THgBMQgT.ggTPTr  <799?-^  FOH 
E-2C  EMVIROlIimrrAL  CONTROL 
A.D.  Kraus,  Senior  Lecturer 
DepartsMnt  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  HAS  PAX  River 


OBJSCTXVS:  Datarmln*  the  feasibility 
of  using  a  thennoalactrlc  air 
condltlonar  in  ths  BC-2  aircraft.  Ths 
ultlnata  objective  is  to  stinliiilze  the 
Isqpact  of  the  discontinued  use  of 
Freon  as  a  refrigerant  in  vapor 
conpresslon  air  conditioning  and 
refrigeration  systems. 

SUMMARY:  Exhaustive  calculations 
have  been  performed  to  determine  the 
feasibility  of  the  eaqployment  of  a 
thermoelectric  air  conditioner  to 
replace  the  freon  air  conditioner 
(environmental  control  system) 
presently  eaqployed  on  the  B-2C 
aircraft.  This  discussion  describes 
the  studies  conducted  and  provides  a 
susmiary  of  the  results  obtained. 

Initial  contact  was  made  via  a  phone 
call  from  LCDR  Clifton  at  Patuxent 
River  (hereinafter  referred  to  merely 
as  PAX  River)  to  the  %rrlter.  The 
statement  of  tas):  was  briefly 
described  by  LCDR  Clifton;  the  object 
of  the  game  was  to  find  a  reputable 
substitute  for  the  existing  Freon  air 
conditioner  aboard  the  aircraft.  On 
July  15,  1993  the  writer  met  with  Tom 
Muratta  of  PAX  River  and  Tim  Springer 
of  the  Naval  Warfare  Center 
(hereinafter  referred  to  as  NWC)  of 
Warminster,  PA  at  PAX  River.  Several 
pertinent  results  occurred:  1)  It 
was  agreed  immediately  that  the 
acoustic  refrigerator  that  was  being 
developed  at  the  Naval  Postgraduate 
School  by  Professor  Garrett  was  not 
to  bo  considered  further.  The 
acoustic  refrigerator  is  still  in  the 
developmental  stage  and  its  size  will 
not  fit  the  allotted  envelope;  2)  It 
was  agreed  w.iat  Kraus  would  visit 


Airesoarch  in  Torrance,  CA  to 
detersUne  the  latest  state-of-the-art 
in  vapor  compression  refrigeration 
systeais;  3)  It  was  at  this  sweting 
that  the  possible  use  of 
thermoelectrics  was  first  sMntionod 
with  a  further  proviso  that  vibration 
and  shock  requirements  would  probably 
preclude  their  use.  It  was  also 
mentioned  that  the  coefficient  of 
performance  to  be  obtained  with  the 
current  technology  (bismuth- telluride 
elemnts)  was  not  at  all  comparable 
to  that  which  could  be  obtained  from 
a  Freon  vapor  compression 
refrigeration  system;  4)  However,  it 
was  agreed  that  sosm  rudlskentary 
calculations  regarding  the 
thermoelectric  air  conditioner  should 
be  performed. 

In  September,  Mr.  Mike  Cowell  at 
Airasaarch  in  Torrance,  CA  was 
visited.  It  was  datezmlnad  that  there 
is  a  backup  available  to  the  Freon 
System  using  Bydrofluorocarbon 
HFC-236.  In  October,  a  meeting  was 
held  at  NWC.  The  following  was 
accoaplished:  1)  A  detailed 

presentation  on  the  Naval 
Postgraduate  School  Tharmoacoustlc 
Refrigerator  was  given;  2)  A 
detailed  presentation  on  cooling 
using  thermoelectric  elesMnts  and 
thermoelectric  coolers  was  given;  3) 
While  some  rather  cogent  questions 
still  reswined,  it  was  agreed  that  a 
search  for  a  vendor  who  might  be 
willing  to  build  a  prototype  would  be 
in  order;  4)  Several  reflnesMnts 
were  made  to  the  ground  rules  that 
were  used  for  the  calculations. 

In  November  1993  a  visit  was  paid  to 
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th«  Hatlonal  Selanca  Foundation 
(haralnaftar  ra£arrod  to  sMraly  aa 
HSF)  in  Arlington,  VA  and  Thaxaotrax 
Corporation  in  Waltham,  MA.  Tha 
rasults  of  thaaa  viaita  arm  am 
followat  1}  At  HSF,  it  waa  found 
that,  in  tha  avant  that  a  naad  for 
thanaoalactric  alamant  ia^rovamant 
(raaaareh)  program  could  ba 
uncovarad,  NSF  could  fund  it  with  a 
modicum  of  funda  baaad  on  a  two  paga 
lattar  propoaal)  2)  At  Tharmotrax, 
it  waa  found  that  tha  calculationa 
BMda  damonatratad  faaaibllity  and 
that  Tharmotrax  would  ba  willing  to 
undartaka  a  fundad  atudy  program  that 
would  raault  in  a  dallvarabla 
half -ton  or  quartar-ton  prototypa; 
3)  Thanaotrax  provldad  a  copy  of  U.S. 
Patant  5,209,786  which  ahowad  thalr 
approach  to  tha  aolutlon  to  tha  ahock 
and  vibration  problam;  It  waa  found 
that  Tharmotrax  la  Indaad  conducting 
an  ongoing  raaaareh  program  to 
laqtrova  tha  flgura  of  marlt  of  tha 


coolar  matarlala.  It  la  fait  that 
aueh  an  improvamant  in  thia  flgura  of 
aMrit  will  halp  ramova  tha  poaaibla 
uncartainty  in  tha  uaa  of 
tharaioolactriea . 

THB8I8  DIKKTIDt  Clifton,  W.  F., 
LCDR,  nSM,  "Tharmoalaetric  Coolar 
Daaign, ”  Maatar'a  Thaaia  in 
Aatronautleal  Bnginaarlng,  l>acaid>ar 
1992. 

DOD  XKT  TSenOLOOT  ARBAs 

Bnvironmantal  If facta,  llactronlc 
Davicaa . 

KITWOIDS:  Tharmoalaetric, 

Biamuth-Tallurida  Saad.conductor, 
Vapor  CoBiproaalon,  Rafrlgaration,  Air 
Conditioner. 
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A.W.  Lam.  Associate  Professor 
Departawnt  of  Blectrlcal  and  Coaqputer  Bnglneerlng 
Sponsor  and  Funding:  Naval  Researcli  Laboratory 


OBJSCrxvSt  Th«  goal  o£  thla  pro j act 
waa  to  invaatlgata  wavalata  and  tlaa- 
fraquancy  analyala  o£  algnals  and 

ayataas . 

SOISIASTi  Wa  invaatlgatad  wavalat- 
baaad  tliiia-£raquancy  analytical 
tachnlquaa  £or  tranaiant  algnala  and 
digitally  aodulatad  algnala. 
Problaaa  o£  particular  Intaraat  wara 
tha  dataction  and  claaal£icatlon  o£ 
aultlpla  daapad  ainuaoidal  algnala 
and  chlrpad  wava£ora  In  addltlva 
nolaa.  Tha  tlaa-£raquancy  dacoa- 
poaitlona  o£  BPSK  and  QPSK  algnala, 
aa  wall  aa  apraad-apactrtun  algnala 
wara  obtalnad  ualng  a  aulti- 
raaolutlonal  approach. 


OIHBRi  The  raaulta  will  ba  publlahad 
in  a  £orthconing  tachnlcal  raport. 

DOD  KBT  TBCBSOtOOT  ABBAt 

CoBBuinicatlona  Natworklng. 

KBTBOBDSt  Wavalata,  Tlaa>£raquancy 
Analyala,  Digital  Modulationa , 
Spraad-apactrua. 
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OBjaCTXVS:  Th*  goal  of  thla  projaet 
waa  to  invastigata  fast  aaquantial 
accjulsltlon  achamaa  and  ayatam 
parfoxBtanca  of  apraad-apactrtim 
ayataaa  with  conplax  algnatura 
aaguancaa . 

SnaOkSTt  Thia  continuing  raaaarch 
waa  to  invaatlgata  aaquantial  coda 
aaquanca  acqulaltlon  achamaa  for 
apraad-apactrum  multlpla-accaaa 
communlcatlona  ayatama  with 
ganarallzad  algnatura  aaquancaa. 
Faat«  robuat  aaquantial  coda  aaquanca 
acqulaltlon  achamaa  wara  davalopad 
and  analyzad  for  ayatama  with  or 
without  tha  praaanca  of  data 
a»dulation.  Paramatric  and 
nonparamatric  achamaa  wara  propoaad. 
Noncoharant  and  M-ary  digital 
modulatlona  wara  azqiloyad  togathar 
with  tha  ganarallzad  (nonbinary  and 
polyphaaa)  aaquancaa.  Product 
aaquancaa  that  wara  afficlant  for 
rapid  ziultlpla-laval  aaquantial 
and/or  parallal  datactlona  wara 
propoaad.  Tha  raaulta  wara  aaaantlal 
to  tha  undaratandlng  of  tha  ayatam 
afflciancy  and  rallability. 

COnraSBHCB  PKBSSMXhTiaHS:  Lam,  A.  N. 
and  Tantaratana,  S.,  "Maan 
Acqulaltlon  Tima  for  Honcoharant  PN 
Saquanca  Saquantlal  Acqulaltlon 
Schamaa,"  In  Procaadlnga  of  tha  IBBB 
Military  Conmnmicationa  Confaranca, 
Boaton,  MA,  pp.  784-788,  Octobar 
1993. 


Ozlutiirk,  P.  M.,  Tantaratana,  S.,  and 
Lam,  A.  W. ,  "Parforzwnca  Bounda  for 
DS/SSMA  Syatama  with  Noncoharant 
Signaling  Schaaiaa, "  in  Procaadlnga  of 
tha  IBBB  Military  Communlcatlona 
Confaranca,  Boaton,  MA,  Octobar  1993, 
pp.  214-218. 

THESIS  DZBHCXBDt  Mlalrlioglu, 
Lavant,  LT,  Turklah  Navy, 
"Acqulaltlon  Tima  Analyala  of 
Noncoharant  PN  Saquanca  Acqulaltlon 
Schamaa,"  Maatar'a  Thaala  for 
Bnglnaar'a  Dagraa,  Saptaadbar  1993. 

OTHBR:  Thraa  journal  papara: 
"Noncoharant  Saquantlal  Acqulaltlon 
of  PN  Saquancaa  for  DS/SS 
Communlcatlona  Nith/Wlthout  Fading, " 
"Probability  of  Bit  Brror  for  DS/SSMA 
Syatama  with  MPSK  Signaling  and 
Complax  Saquancaa,”  and  "Parfonzanca 
of  Noncoharant  CDMA  Syatama  with 
Complax  Signatura  Saquancaa,"  wara 
aubailttad  and  \indar  ravlaw  for 
publication.  Tha  invaatlgator  la 
alao  publiahlng  a  book  (with  S. 
Tantaratana)  ,  Thaory  and  Applicatlona 
of  Spraad  Spactriua. 

DOD  KBT  TBCHM0L06T  ANNA: 
Comaninlcatlona  Natworking. 

BBTNOKDS:  Spraad  Spactrxim, 
Saquantlal,  Saquanca  Acqulaltlon, 
CDMA. 
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r  PIPF^Piamf  COMPUTHIG  TlGmOLOOT  FOR 

»YY  PiqiTMi  glSSMi  PRQClggnW 

C.-H.  L««,  Professor 
DepertsMnt  of  Bleetrlesl  end  Cosqputer  Xnglneeriiig 
Sponsor  end  Funding:  NSvel  Postgreduete  School 


oaJSCTXVSi  In  this  project  •  typical 
Navy  digital  signal  procaaalng  (DSP) 
problaa  is  run  on  a  high  porformanca 
parallel  aystaa.  The  goal  la  to 
develop  a  top  down  design  methodology 
to  partition  a  DSP  problem  into 
auisslvely  Interconnected  modules 
(MIM)  .  Ne  use  the  VNDL  language  to 
foranilate  the  MIM  modules  so  that 
algorithm  decoag>osltlon  ware  checked 
automatically. 

sasounrt  Beam  Forming  problems  for 
acoustic  signal  detection  ware  used 
as  an  example  to  develop  the 
cosg>utatlon  loads  SMtrlcs.  These 
metrics  included  computation 
bandwidth,  communication  bandwidth, 
memory  bandwidth,  PLOPS -10  ratio,  and 
Latency-FLOPS  product.  Bstimates  of 
these  Bietrlcs  were  useful  in 
decomposing  the  total  DSP  tasks. 
From  the  software  and  hardware  point 
of  views,  parallel  systems  with 
siessage  passing  were  the  fl»st 
attractive  approach  for  parallel 
processing.  A  desonstratlon  was 
developed  to  show  this  design 
approach. 


POBLICATlOMi  Leo,  C.-H.  and 
Sullivan,  D.,  "Design  of  a 
Heterogeneous  Parallel  Processing 
System  for  Beam  Forad.ng,  ■  in 
Proceedings  of  the  Morkshop  on 
Heterogeneous  Processing,  13  April 
1993,  IBBB  Computer  Press  Order  MO. 
3532-02,  Beverly  Hills,  CA,  1993. 

COMFKBHMCH  PBBSBHTAnOMt  Lee,  C.-H., 
"Beam  Forming  Using  Parallel 
Nor  ks  tat  ions, "  the  4  th  Navy  RAD 
Information  Exchange  Conference, 
MRaD,  San  Diego,  CA,  13-15  April 
1993. 

THESIS  DIRHCTKD:  Fu,  C.  H.,  CAPT, 
Taiwanese  Amy,  "An  ImplesMntation  of 
Traffic  Monitoring  for  UNIX  Network 
Performance  Manageswint,"  Master's 
Thesis  in  Electrical  Engineering, 
March  1993. 

DOD  EXT  THCHMOLOOr  ARBAi  Software. 

XXXMORDS:  High  Performance 
Coeluting,  Digital  Signal  Processing, 
Beam  Forsting. 
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MASSIVBLY  P»P^T.t.BT.  arsTWM  dmtqm 
C.-H.  Le«,  ProfeMor 

Departaent  of  Blectrical  and  Coaputar  Bnginaaring 
Sponsor  and  Funding:  Haval  Surface  Warfare  Center, 
Dahlgren  Division,  White  Oaks  Detachaemt 


OBJSCTIVB:  The  objective  of  thle 
proposal  is  to  showcase  the  systeais 
engineering  methodologies  developed 
under  the  Systems  Engineering  Block. 
This  goal  is  accos^llshed  by 
assessing  the  fundasiental  tradeoff 
between  development  cost,  life  cycle 
cost,  time  and  performance  for  a 
beamforming  in^lesientatlon  problem. 
This  tradeoff  analysis  concentrates 
on  using  the  specific  metrics 
formulated  by  the  Systems  Engineering 
Block. 

snuWkRT:  The  Wide  Aperture  Array 
(WAA)  served  as  a  showcase  for  the 
application  of  the  methodologies 
developed  in  the  Systems  Engineering 
Block.  The  large  number  of 
hydrophones  in  the  array  requires 
approximately  15  6FL0PS  of  sustained 
throughput  for  full  detection 
capability.  Efficiency,  latency, 
performance  monitoring  and  fault 
localization  (PMFL) ,  and  real-tlsie 
operating  system  overhead  could 
establish  a  100  GFLOP  peak  throughput 
requirement.  These  attributes  enable 
the  Wide  Aperture  Array  In-board 


functions  to  serve  as  a  showcase  for 
the  methodologies  developed  by  the 
Systems  Engineering  Block  to  assess 
and  modal  real-time  cosplex  computer 
systesw.  In  this  research  a 
Calibrated  Mapping  Performance 
Paradigm  (CMPP)  was  developed  to 
evaluate  the  partition  results. 
Pralisiinary  result  is  promising. 

PPBLICAtTOWSt  Lee,  C.-H.,  "Top  Down 
System  Design  Using  VHDL, ■  in 
Proceedings  of  the  6th  Annual  IEEE 
International  ASIC  Conference, 
Rochester,  HY,  27  September  1993. 

Lee,  C.-H.,  "Predicting  Parallel 
Computer  Speed  Up  for  Array 
Processing  Applications  in 
Simulation, "  in  Proceedings  of  the 
27th  Asilosiar  Conference  on  Signal, 
Systaam,  and  Computers,  1  Hovember 
1993. 

DOD  KMT  THCHMOLOGT  AREA:  Software. 

nEXWOKOS:  High  Performance  Computer, 
Digital  Signal  Processing,  Beam 
Fonalng . 
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gM  SCATTERmS  FROM  A  THBOIAB  PTLHIDKR  OF 
AHISOTEOPIC  STIRFACg  IMPgDMICgS 
H.>M.  La«,  Aflsociattt  Professor 
Depsrtaeiit  of  Blectricsl  end  Casgmtar  gnglneering 
Sponsor  and  Funding:  Sandla  Hational  Laboratories 


OBJBCTZVSs  To  invoatlgat*  th« 
•ffacts  of  inpadanca  coating  on  tha 
scattaring  of  alactronagnatic  wavaa 
by  a  body  in  tha  raaonant  ragion.  To 
davalop  accurata  coaputar  codas  as  a 
rafaranca  standard. 

SnSOkSTt  Tha  alactronagnatic 
scattaring  from  a  zaro-thicknass, 
parfactly  conducting.  circular, 
tubular  cylindar  of  finita  langth 
with  diffarant  anisotropic  coatings 
on  its  insida  and  outsida  surfacas  is 
invastigatad.  Tha  inducad  alactric 
and  magnatic  surfaca  currant 
dansitiaa  and  tha  far  fiald  ara 
obtainad.  Analytical  axprassiona  of 
tha  doubla  sarias  axpansion 
coafficiants  of  tha  kamals  of  tha 
intagral-dif farantial  aquations  of 
this  problam  ara  found  and  utilizad 
in  tha  conputation  to  assura  that 
axtramaly  accurata  nusiarical  rasults 
can  ba  obtainad.  Thasa  rasults  will 
ba  usad  as  a  standard  for  validating 
numarical  alactroaiagnatic  confutation 
codas . 


PDBLICATIOHSx  Las,  H.-M., 
"Scattaring  of  a  Coatad  Tubular 
Cyl>i&<i*r  of  Finita  Langth,  ■  in 
Procaadings  of  tha  Asia-Pacific 
Mlcrowava  Confaranca,  Hslnchu, 
Taiwan,  Octobar  1993. 

OOSFSSBKS  PSBSSSZATXOn:  Laa,  H.- 
M. ,  "Scattsring  of  a  Tubular  Cylindar 
with  Diffarant  Insida  and  Outsida 
Surfaca  Inpadancas , ”  in  Abstracts  of 
tha  National  Radio  Sclanca  Maatlng, 
Ann  Arbor,  MI,  July  1993. 

OTHSS:  Laa,  R.-M.,  "Conditions  for 
Vanishing  On -Axis  Backscattarlng  of 
an  Anisotropically  Coatad  Cylindar," 
in  praparation. 

DOD  onr  TTCHMOLOOT  ARIAS:  Softwara, 
Sansors. 

UZMORDSt  Radar  Cross  Saction, 
Inpadanca  Coating,  Anisotropic 
Matarial,  Staalth. 
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F.H.  Levlan,  Senior  Lecturer 
Departaent  of  Electrical  and  Ccaiputer  Engineering 
Sponsor  and  Funding:  Naval  Air  Systeas  ri  —ml 


OBJSCrxvS:  Inv«atigat«  alrbonx* 
countaxiMaauras  capabla  of  dafaatlng 
tha  laaar  guidad  aur£aea-to-air 
alaalla  thraat  by  daflning  flrat,  tha 
paraaiatars  of  a  poatulatad  LSAM 
thraat  and  angagaaant  acanarlo.  than 
Idantlfy  flight  acanarlo  conatralnta, 
and  daalgn  crltarla  for 
countarmaaauraa ,  and  finally  look  at 
currant  davalopmantal  altamatlvaa, 
and  chooalng  tha  baat  countar  LSAM 
thraat  daalgn. 

smSDkSTt  Two  altamatlvaa  wara 
Idantlflad  aa  balng  aiattira  anough  to 
a«at  raqulrad  raal  world  conatralnta 
and  operational  parformanca  crltarla. 


A  plan  for  further  davalopeant  and 
flight  taatlng  waa  racaeawndad  ao  aa 
to  verify  and  expand  pralladnary 
raaulta. 

TBSSZS  DiaacnDt  Hamad,  R.C.,  LCSR, 
tJSN,  "Alrboraa  Countareaaaura  Agalnat 
tha  Laaar  Ouldad  Surface -to -Air 
Mlaalla  Thraat  (U) , "  Maater'  a  Thaala 
In  Aeronautical  Bnglnaarlng,  March 
1993.  (SRCRRT  Thaala) 

DOO  XKT  TfmmnOT  ARBASx  Sanaora, 
Blactronlc  Davlcaa. 

RMTWORUSt  Laaara,  Mlaallaa,  KM, 
Countanaaaatiraa . 


AIRBOBNE  COUNTERMEASURES  TO  ADVANCED 
lASm  HHAMRTDER  SqRFACE-TO-AlP  MTgSTT.lgg 
F.H.  Levien,  Senior  Lecturer 
Departnent  of  Electrical  and  Conputer  Engineering 
Sponsor  and  Funding;  Naval  Air  Systeas  CosBand 


OBJHCnVH:  Invaatlgate,  analyze, 
coapara,  and  aaaaaa  tha  af  factlvanaaa 
and  faaalblllty  of  potential 
countamiaaaurae  to  laaar  baasurldar 
aurfaca-to-alr  mlaallaa. 

SraSBUKT:  Laaer-aldad  waapona  are 
known  to  be  widely  manufactured  and 
deployed  by  military  organlzatlona 
world  wide.  Of  thaaa  ayatama,  laaar 
beam  rldara  poaa  one  of  tha  moat 
advanced  and  potentially  lethal 
thraata  faced  by  aircraft  today. 
Thla  raaaarch  davelopad  a  propoaal 
and  defined  tha  optlaial  aolutlona  to 
protect  air  crawa  from  thla  throat. 


Two  concapta  wore  Idantlflad  aa  moat 
promlalng,  wd  thalr  paramatara 
praaantod. 

TBBSIS  DIRBCRD:  Mauro,  J.B.,  LCDR, 
USN,  "Airborne  Countarmaaauraa  to 
Advanced  Laaar  Baaaurldar  Surface -to - 
Air  Mlaallaa  (U) Maator'a  Thaala  In 
Aeronautical  Engineering,  March  1993, 
(SECRET  Thaala) . 

DOD  XKT  TECHHOLOGT  ARMAS:  Sanaora, 
Electronic  Davlcaa. 

KBZIfORDS:  Laaara,  Mlaallaa,  BN, 
Countarmaaauraa . 
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F.H.  Lavlen,  Senior  Lecturer 
Department  of  Blectrlcal  and  Coaputer  Engineering 
Sponsor  and  Funding:  Air  Force  Electronic  Warfare  Center 


OBOacnVB:  This  rssssrch  was 
Inltlatsd  to  upgrado  tha  Air  Fores 
Prlaary  Modalling  and  Slatulatlon 
Blsctronlc  Warfars  Mission  Planning 
SystsB,  IMOM#  to  includs  tha  jaamlng 
algorltha  for  tha  BA-6B,  allowing  tha 
systaa  to  now  bo  usad  jointly  by  Navy 
as  wall  as  Air  Fores  stlsalon 
plannars . 

SWMAKX:  Tha  spaelfle  prograsBolng 
anhaneasiants  provldad  to  upgrada  IMOM 
Ineludad  a  program  ehanga  to  AOTOJAM, 
wrlttan  In  ADA,  and  anothar  providing 
analysis  of  jammor  transinlttars  and 
modulations  utlllxad  by  Navy/Marina 
Corps  Prowlor  RA-6B  alreraft.  Thasa 


anhaneamants  allow  for  autosuitlon  of 
jamar  planning  and  oxtansion  of  tha 
ranga  of  jammar  ehoieas  In  IMOM. 

THSSIS  DIBMCTKD:  Carpantiar,  W.A. , 
IiT,  DSM,  "Augmantatlon  of  tha 
Improvad  Many-on-Many  (IMCMC)  Jammar 
Bffaetlvanass  Modal  (n) , "  Mastor's 
Thasls  in  Systoms  Bnginaorlng, 
Saptambar  1993,  (SBCRBT  Thasls). 

DOO  BBT  TBCHHOLOOT  ABBAB:  Cosputors, 
Softwara,  Htiman-Systam  Xntarfaeos. 

KBXMORDS:  BW,  Radar,  Modalling, 
SisHilatlon. 


TRAMSPORTABILITY  ISSUES  OF  romiTEETiaiiAL 
liODIIIATiair-Qlf-PUl.SE  EMITTER  DATA 
AMQliO  MAVT  BSM  PROrRHSOBS 
F.H.  Levien,  Senior  Lecturer 
Department  of  Electrical  and  Computer  Engineering 
Sponsor:  Naval  Researcli  Laboratory 
Funding;  Naval  Postgraduate  School 


OBJBCrrVB;  To  datarmlna  tha 
faasiblllty  of  transporting 
unintantional  Modulation-on-Pulsa 
data  that  has  boon  eoopilod  by  an  MRL 
systam  utilizing  tha  IIYX-2  proeossor 
and  tha  Grumman  Alreraft  Corporation 
AFX/P  proeossor,  to  tha  systoms 
plannad  for  oparatlonal  aaploymant  In 
tha  BA-6B  ADVCAP  alreraft. 

snSBUtT:  This  study  datoniilnad  tha 
proeass  by  which  both  DMOP  processors 
functioned,  and  coaqpared  tha 
resultant  data  from  tha  same  source, 
as  recorded  by  each  processor.  It 


then  oxaaiinad  tha  feasibility  of 
choosing  either  or  both  as  a  source 
of  library  Inputs  to  an  BA-6B 
application. 

THBSI8  DIBBCTBDt  Dauplalss,  J.D., 
CAPT,  DSMC,  "Transportability  Issues 
of  Unintentional  Modulation-on-Pulso 
Bziitter  Data  Among  Navy  BSM 
Processors  (U) , ■  Master's  Thesis  In 
Systems  Bnginaorlng,  Saptazdjor  1993, 
(SBCRBT  Thasls) . 

DOD  BBT  TBCBMOLOOT  ABBAS:  Computers, 
Softwara,  Design  Autosuitlon,  Sonsors. 
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mWQBDSt  MW,  Radar,  DMOP, 

Tranaportabillty,  BA-6B. 


OPKRATIQII  OF  AND  POTEMTIAL  C001IT8RMBASllMg 

MISSILE  SYSTBiS  USmS  VISUAL  IMUSlliG  SKKCTRS 
F.H.  Levien,  Senior  Lecturer 
Depertaent  o£  Electrical  and  Ccaqputer  Engineering 
Sponsor  and  Funding:  Maval  Air  Systeau  CcMand 


OBJECTIVB:  To  analyza  tha  ganaral 
oparatlon  o£  currant  and  amarglng 
izlsslla  systaina  using  tha  vislbla 
spactruB  and  to  avaluata  proposad 
countaraaasuraa  that  could  ba  usad  to 
dagrada  alsslla  affactlvanass. 

SUMDUnr:  Tha  introduction  of  aiiasila 
systams  using  visual  iaaging  saakars 
has  addad  a  significant  surfaca-to- 
air  and  air-to-air  zkiasila  thraat  to 
all  typas  of  aircraft.  This  rasaarch 
avaluatas  saakar  oparatlon  by 
focusing  on  targat  acquisition  and 
tracking  in  tha  vislbla  spactrua. 
Kay  tachnologlas  as  wall  as  tha 
tracking  algorithm  ara  survayad  to 


astabllsh  tha  vulnarabllltiaa  and 

waaknassas  of  thasa  systams. 

THESIS  DZSBCTBDt  Barvay,  S.B.,  Z.T, 
nSN,  "Oparatlon  of  and  Potantial 
Countamaasuras  Against  Mlsslla 
Systau  Using  Visual  Imaging  Saakars 
(U),"  Mastar's  Thasis  in  Aaronautlcal 
Bnglnaarlng,  March  1993,  (8BCRBT 
Thasis) . 

DOO  KKT  THCBHOUMSr  ASKAS:  Cos^utars, 
Sansors,  Buman-Systam  Intarfacas. 

KXraORDS:  Visual  Imaging,  MW, 

Missilas,  Countanaaasuras . 
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ADVANCED  SlOiAL  PROCKSSIMQ  TECHMIQDES 
H.  H.  Looais,  Jr.,  Professor 
DepartsMnt  of  Klactricsl  and  Coavuter  Engineering 
and  Space  Systesui  Acadanic  Group 
M.  Soderstrand,  Visiting  Professor 
R.  Bernstein,  Visiting  Professor 
Departnent  of  Electrical  and  Ccnputer  Engineerizig 
Sponsor  and  Funding:  Secretary  of  the  Air  Force 


OBJSCnVS:  To  Invaatlgate  advancad 
signal  procassing  algorithms  and 
architacturas  for  tha  dataction  and 
charactarization  o£  broadband 
communications  signals  in  noisa  and 
intarfaranca . 

SUMMART:  My  principal  acconplishmant 
this  yaar  has  baen  in  tha 
davalopmant,  realization,  and 
experimental  verification  of 
algorithais  for  tha  detection  and 
characterization  of  cyclostationary 
signals,  such  as  Phase  Shift  Keyed 
(PSK)  signals.  This  work  has 
resulted  in  one  journal  article, 
three  conference  papers,  three 
presentations,  and  -  one  thesis. 
Cooperative  work  with  M.  A. 
Soderstrand  of  UC  Davis  has  resulted 
in  continuing  progress  in  the  area  of 
adaptive  Interference  removal. 

PDBIiICATIONS :  Brown,  W.  and  Loomis, 
H. ,  "Digital  Inplementations  of 
Spectral  Correlation  Analyzers," 
IBBK  Transactions  on  Signal 
Processing.  Vol.  41,  No.  2,  pp.  703- 
-720,  February  1993. 

Loomis,  H.H.,  Jr.  and  Gardner,  N.  A., 
"Design  of  a  Covert  Communications 
Technique,"  MILCOM93  Classified 
Conference  Record,  MITRE  Corp., 
Bedford,  HA,  Vol.  1,  pp.  34S-349, 
October  1993,  (CONFIDENTIAL  Paper). 

Loomis,  H.H. ,  Jr.  and  Bernstein,  R., 
Jr.,  "Realization  of  TDOA  Estimation 
Architectures,"  in  Proceedings  of  the 
Asilomar  Conference  on  Signals, 


Systems  and  Coaputers,  November  1993. 

Soderstrand,  M.A.,  Chu,  D.B.,  Chan, 
N.,  Laskani,  M. .  and  LooBd.s,  H.H., 
Jr.,  "Multi-Rate  Ban<^ass  Filter  Bank 
Implemented  in  QRNS  Complex 
Arithswtlc  Using  Parallel  Multiple 
DSP  Chips  or  ASICS , "  in  Proceedings 
of  the  Asllosmr  Conference  on 
Signals,  Systesm  and  Coaputers,  pp. 
801-806,  November  1993. 

COMmSHCB  PRSSBRATXOHS:  Loomds,  B. 
B.,  Jr.  (presenter)  and  Gardner,  N. 
A. ,  "Design  of  a  Covert  Coasnmica- 
tions  Technique,”  MILCOM93,  MITRE 
Corp.,  Bedford,  MA,  October  1993, 
(CONFIDENTIAL  Presentation) . 

LooibIs,  B.B.,  Jr.  and  Bernstein,  R., 
Jr.,  "Realization  of  TDOA  Bstisuition 
Architectures,”  Poster  paper 
presented  at  tha  Aslloauir  Conference 
on  Circuits,  Systasis  and  Computers, 
Pacific  Grove,  CA,  Noveosbar  1993. 

Loomis,  H.B.,  Jr.,  ”]^pplicatlons  of 
Cyclostationarlty  to  Signal  Detection 
and  Oeolocatlon, "  Office  of  Special 
Projects,  Dept,  of  the  Air  Force, 
Washington,  DC,  16  December  1993. 

TBBSIS  DIBNCIKD:  Barksdale,  C. , 
LCDR,  DSN,  "A  Developing  Spread 
Spectrum  Prosecution  Method, ” 
Master's  Thesis  in  Systems  Technology 
(Space  Systems  Operations) ,  September 
1993. 

OTBBR:  Roberts,  R.S.,  Brown,  W.A., 
and  Loomis,  B.B.,  Jr.,  "A  Review  of 
Digital  Spectral  Correlation 
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Analysia :  Thaory  and  Xaplcaantatlon, " 
Artlcla  6  In  Cycloatntlonarltv  In 
Co— unicatlona  and  Signal  Procaaalna. 
Willi—  A.  Gardnar,  Xd.,  IBXX 
Praaa.Now  York,  HY,  (January  1994), 
pp.  455-479,  in  praaa. 


OOD  XXY  nCHWOLOeY  AXXA:  Sanaora. 

UX WORDS:  Signal  Datactlon,  Sourca 
Location,  Cycloatatlonarlty,  High 
Spaad  Computing. 


PROJECT  QPSTY  ORIOLE 
H.H.  Looais,  Jr.,  Professor 
Depertaent  of  Electrical  and  Ccs^uter  Engineering 
and  Space  Systeas  Acadesdc  Oroiqp 
R.  Bernstein,  Visiting  Professor 
Departnent  of  Electrical  and  Cosputer  Engineering 
Sponsor  and  Funding:  Secretary  of  the  Air  Force 


OTJXCnVX:  To  conduct  raaaarch  Into 
computer  algorithma  and  architacturaa 
for  tha  procaaalng  of  tactical 
information.  To  provide  aupport  for 
tha  couraa  Space  Syata—  3001, 
Military  Applicatlona  of  Space. 

SaaDUtT:  Invaatlgated  Algorltfa—  and 
architacturaa  of  ayatama  for  tha 
production,  dlatrlbutlon  and  analyala 
of  tactical  Information. 
Invaatlgated  architacturaa  of 
apaceborna  computer  ayat— a. 
Invaatlgated  operational  probla— 
concerned  with  tha  aoploymant  of 
tactical  information  for  daclalon 
—king  and  targeting.  Continued 
raaaarch  into  chokapoint  ahlpplng 
analyala.  Vlaltad  aavaral  military 
aatalllta  facilltiaa  to  gather 
Infor— tlon  In  aupport  of  SS3001. 

THB8X8  OIXXCTXD:  Haefner,  R.J.,  LT, 
nSN,  "The  Role  of  Chokapoint 
Monitoring  Operation  in  tha  Identifi¬ 
cation  and  Tracking  of  Mon-Combatant 
Xhilta,”  Maater'a  Thaaia  in  Syata— 


Technology  (Space  Syatama 
Qparatlona) ,  Saptaadaar  1993 . 

Hal—,  K.M. ,  LT,  USN,  "Onboard 
Procaaaor  Quality  Aaaur— ca," 
Maater'a  Thaaia  in  Syata—  Technology 
(Space  Syata—  Operationa) ,  Saptaad>ar 
1993. 

Leary,  P.K.,  LT,  USM,  "Military 
Appllcatlo—  of  Space  Adv— cad 
I,aboratory  Development,"  Maatar'a 
Thaaia  In  Syata—  Technology  (Space 
Syata—  Operationa) ,  Saptambar  1993 . 

DOO  XXY  THCHHOfLOGY  AXXA:  Couputara. 

KEYWORDS:  Military  Space, 
Chokapoint,  Shipping  Monitoring, 
Traclclng  — d  Correlation. 
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ON-ORBIT  AHin»LIliQ  OF  SATgLLITl  SOLAR  PMULS 
S.  Michael,  Associate  Professor 
Departaent  of  Blectrlcal  and  Ccaputer  Engineering 
Sponsor  and  Pundlzigt  SPANAR,  Space  and  Naval  Warfare  Ccasand 


OBJSCTZVK:  Invastlgat*  th* 
poaalblllty  o£  on-orbit  annaallng  of 
aatalllta'a  InP  and  OaAa  Solar  Calla 
uaing  tha  now  Minority  Carriora 
Annaaling  Tachniquoa. 

SOBiaRT:  Thia  ia  a  continuation  of 
tha  ongoing  roaoarch  on  Photovoltaic 
Power  Technology.  Reaearch  taaka 
include  the  development  and 
completion  of  the  Solar  and  Radiation 
Laboratory,  the  development  of  the 
Bilcroproceaaor  baaed  Photovoltaic 
axperiaient  aa  wall  aa  teatlng  of  the 
aolar  panela  for  the  PAMSAT 
aatellltea.  The  taaka  alao  Include 
inveatlgatlon  of  Photovoltaic  current 
annaaling  procaaaaa  and  othar  topica 
of  electron  and  proton  radiation 
of facta  on  OaAa,  InP  and  Si  dovlcea. 

POBLXCATiaMSi  Michael,  S.,  "Analyaia 
of  Radiation  Damage  and  Annealing 
Proceaa  in  Advanced  GaAS  and  InP 
Solar  Celia  Uaing  DLTS  Tachniquoa , * 
Proceedlnga  of  the  11th  International 
Photovoltaic  Solar  Bnorgy  Conference, 
October  1992. 

Waltera,  R.J.,  Summera,  O.P.,  and 
Bruoning,  J. ,  "A  Detailed  Study  of 


the  Photo-Injection  Annaaling  of  InP 
Solar  Celia, "  in  Proceedlnga  of  the 
Twelfth  Space  Photovoltaic  Reaearch 
and  Technology  Conference,  NASA  Lewla 
Reaearch  Center,  Cleveland,  OB,  20-22 
October  1992. 

COMRRBMCB  PRBSBSXATXOMx  Michael, 
S.,  "Analyaia  of  Radiation  Daawge  and 
Annaaling  Proceaa  in  Advanced  OaAS 
and  InP  Solar  Celia  Uaing  DLTS 
Tachnlquaa,"  11th  International 
Photovoltaic  Solar  Bnergy  Conference, 
October  1992. 

THBSIS  DISBCTBDt  Bruenln,  J. ,  LT, 
USN,  "Analyaia  of  Radiation  Damaged 
and  Annealed  Oalllum  Araenlde  and 
Indium  Phoaphide  Solar  Celia  Uaing 
Deep  Level  Tranaient  Speetroaeopy, ■ 
Maater'a  Theala  In  Aeronautical 
Engineering,  September  1993 . 

DOD  m  TBCBSPLOOr  ABBAS  Electronic 
Devlcea,  Envlromaental  Effecta, 
Propulalon  and  Energy  Converalon. 

KBXIKBtDSs  Space  Radiation  Effects, 
Satellites,  Aimealing,  Radiation 
Hardening . 
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mUMTlRRUPTABLK  POWgR  SUPPLY  DESIGW  FOR  COWWIlliatTlOW  SYSTMM 
S.  Klchael,  Associate  Professor 
Departaent  of  Electrical  and  Cosimter  Engineering 
Sponsor  and  Funding:  Marine  Corps  Systeoa  Cosnand  (DfMQ) « 

Quantico,  VA 


OBJSCnVKt  To  dovolop  and  daalgn  an 
Ublntarrtvtabla  powar  supply  for  tha 
MIUC-142  on  board  Marino  HMMNV. 

SISBIlKXt  This  raaoarch  is  proposad 
to  Daslgn  and  Davalop  a  prototypa 
Obintorruptabla  Powar  Supply.  Tha 
rasult  would  bo  an  Isftrovad  Powar 
Distribution  Panol  that  will  provida 
tha  capability  to  nanually  switch 
batwoon  two  AC  soiircas,  to  tha  HMMNV 
DC  battory/altamator  or  othar  DC 
sourcas.  This  would  ba  acconplishod 
with  no  Intarruption  in  tha  AM/MRC- 


142  coBounlcatlon  systam  oparation. 

OXBHR:  Praparad  a  Vldoo  Tapo  as  a 
manual  for  tha  usa  of  tha  doslgnad 
systam. 

Thasis  is  in  praparation. 

DOO  KMT  TMCHMOLOGT  ABMAt  Blactronlc 
Davicos,  Propulsion  and  Bnargy 
Convarsion. 

UfNOSDS:  Onintarruptabla  Powar 
Supply,  Rallabla  Communication 
System. 


HYBRID  POWER  SYSTEM  FOR  REMOTE  COMMOMICATIOW  STATIOMS 
S.  Michael,  Associate  Professor 
Department  of  Electrical  and  Conputer  Engineering 
Sponsor  and  Funding:  U.S.  Coast  Guard,  Coast  Guard  Island, 

Alameda,  CA 


OBJMCrZVB:  Dovoloplng  a  Photo - 
voltalc/Windturblna  Hybrid  Power 
Systam  to  provida  alactrlcal  powar  to 
tha  Coast  Guard  Coimnunicatlon 
Stations  in  dlffaront  Alaska  rasiota 
sites. 

SOaiARr:  This  research  is  proposad 
to  investigate  the  possibility  of 
incorporating  different  powar  systems 
to  provida  alactrlcal  powar  to 
Alaska's  Coastal  Voice  Distress 
Network,  operated  by  tha  U.S.  Coast 
Guard.  Research  tasks  include 
investigating  tha  performance  of 
Thanao-llactrlc  Generators  (TRG) 
providing  power  to  tha  currant 
systasm.  Investigating  present  and 
new  powar  sourcas  technologies. 


Investigating  different  anargy 
resources  available  at  the  proposad 
stations  sites,  including  seasonal 
changes  studies.  Developing  and 
designing  rallabla  h^rid  powar 
systems  capable  of  utilising 
available  anargy  sources  at  these 
sites.  These  systems  would  probably 
incorporate  wind  power,  solar  power 
and  TBG  systems. 

TBBSIS  DIRNCIKD:  Pletras,  C. ,  LCDR, 
USN,  "Hybrid  Powar  System  for  Remote 
Cosmnmlcatlons  Stations,"  Master's 
Thesis  in  Blectrical  Rngineering, 
Saptesdbar  1993. 

DOD  DET  TKHHOIiiOOr  ARSAi  Rnergy 
Storage,  Bnvlronmental  Iffects, 
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Propulsion  and  Bnsrg^  ivsrslon. 


KSnORDSi  Solar  Cal  ..  Wind  Powar, 
Hybrid  Powar  Systam. 


ADVMiCm  A1IM.0G  VLSI  DESIGN  FOR  IC^S  AND 
MEDRAL  MBTWORKS  DfPT.wmyr^TTQlfg 
S.  Michael,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJSCTXVH:  To  daaign  and  la^lamant 
an  advancad  Stray  Insansltiva 
Switchad -Capacitor,  Analog  VLSI  as  a 
building  block  for  futura  Haural 
networks 

SQQIART:  Devalopaant  of  high 
parformanca,  low  sensitivity  analog 
VLSI  is  proposed  in  this  research.  A 
novel  technique  for  designing 
advancad  active  building  blocks 
essential  for  VLSI  inplaskantation  is 
investigated.  The  new  designs  are 
based  on  the  Composite  Anpllfiars, 
previously  introduced  by  the 
Investigator.  The  research  goal  is  to 
develop  Stray-Insensitive  Switched- 
Capacitor  analog  building  blocks  that 
will  be  used  in  the  follow-up  project 
to  design  and  build  a  high 
perforaiance  analog  VLSI  circuits. 
The  availability  of  such  novel 
designs  would  play  a  key  role  in  the 
practical  Implementations  of  Neural 
Networks . 

PUBLICATIONS:  Michael,  S., 
”PrograBnud>le  Saspled  Data  Filter 
with  Low  Sensitivity  Iaq>lemen- 
tation, "  in  Proceedings  of  the  4th 
International  Conference  on  Advances 
in  Communications  and  Control, 
Rhodes,  Greece,  June  1993. 

Michael,  S.,  "Low  Sensitivity 
Switched- Capacitor  Networks  with 
Reduced  Parasitic  Effects,"  in 
Proceedings  of  the  36th  Midwest 


Symposium  on  Circuits  and  Systesw, 
Detroit,  MI,  August  1993. 

OOMRRBHCB  PRBSNHXATIQmS :  Michael, 

"Prograsdnable  Sampled  Data  Filter 
Low  Sensitivity  ImplesMntatlon, " 
International  Conference  on 
Advances  in  Communications  and 
Control,  Rhodes,  Greece,  June  1993. 

Michael,  T..  "Tmw  Sensitivity 
Swltched-Capacivor  Hmvwoxkm  with 
Reduced  Par^siti/i  Bff^cts,"  36th 
Midwest  Syxoposium  o.t  Circuits  and 
Systems,  Detroit,  MI,  August  1993. 

TBNSKS  DIRNCTID:  Bingham,  B.,  CAPT, 
DSMC,  "Stray  Insensitive  Switched 
Capacitor  Composite  Amplifiers," 
Master's  Thesis  in  Blectrlcal 
Engineering,  March  1993. 

Crowell,  R.,  LCDR,  DSN,  "Digitally 
Programmable  Coaqposite  Operational 
Amplifier  Applications,"  Master's 
Thesis  in  Electrical  Engineering, 
September  1993 . 

Hudson,  B.,  CAPT,  USA,  "Gallium 
Arsenide  MBSFBT  Operational  Amplifier 
to  be  used  in  Composite  Operational 
As^liflar  Design,"  Master's  Thesis  in 
Blectrlcal  Engineering,  December 
1993. 

Silvemagle,  G. ,  LT,  DSN,  "A  VLSI 
Implementation  of  A  CMOS  Stray 
Insensitive  Swltched-Capacitor 
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Coaposit*  Oparatlonal  Aaplifiara,* 
Maatar'a  Thasls  in  Blaotrieal 
Inglnaarlng,  D«e«ab«r  1993. 

OOO  Xn  TBCMUI/Wir  jkimt  llaetronle 
Davieas . 


KBSWOBMi  Analog  VLSI,  Ziow 
Sansltlvlty,  Switchod-c^acltors, 
Raural  Natworka  Jtpplientlon. 
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TIMB  DOmhJX  LOCKLlZKnOXI 
J.H.  Miller,  Aeeociete  Profeeeor 
DepartMnt  of  Electrical  and  Ccaputer  Engineering 
C.-S.  Chiu,  Aaaociate  Professor 
Department  of  Oceanography 
Sponsor  and  Funding:  Nimc  Hew  London 


OBOSCTZVSt  Tha  goal  of  this  work  is 
tha  dataxalnation  of  aourca  ranga  and 
dapth  In  an  ocaan  acoustic  wavagulda 
glvan  a  tlsM  domain  raprasantatlon  of 
a  source -ganaratad  signal.  This  Is 
tha  second  year  of  tha  project. 

SOaOkarx  in  this  reporting  period, 
algorithms  ware  developed  for  tha 
passive  localization  of  transients 
ganaratad  by  a  submarine.  These 
algorithms  are  tasted  with  actual 
data  acquired  by  a  submarine 
spherical  array.  Tha  algorithms  rely 
on  tha  exploitation  of  knowledge  of 
the  transfer  function  of  the  shallow 
ocean  waveguide  between  tha  eialttlng 
subsuurlne  and  the  receiving 
subsuirlne.  One  algorithm, 
autocorrelation  matching,  performs 
adequately  In  localizing  transients 
at  three  different  ranges  from  1800 
to  3850  m. 


TBISB8  DISBCISDt  Nicholson,  C.  L., 
X,CDR,  nSM,  "liOcallsatlon  of  Acoustic 
Transients  In  Shallow  Water 
KnvlroxuBents , ■  Master's  Thesis  In 
Blectrlcal  Knglnaerlng,  December 
1992.  LC3>R  Nicholson  was  selected 
for  the  Space  and  Naval  Warfare 
Systazis  Cozanand  Award  In  Blectronlc 
Sys teats  Engineering. 

Schultz,  J.L.,  LT,  DSN,  "laplemen- 
tatlon  of  a  Time  Domain  Localization 
Algorithm  In  the  AN/SQR-10  Tactical 
Towed  Array  Sonar  System,"  Master's 
Thesis  In  Implied  Science,  December 
1992. 

DOD  XR  TNCBHOLOOT  ABSAx  Sensors. 

UZWOHDSX  Transient,  Localization, 
Subaiarlne . 
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FIBLD  CAWCBIJATIOW  USIliG  A  COaigm-glPr  APPBQXCH 
M.A.  Morgan,  Profaasor  6  CSiairMn 
Dapartnant  of  Blactrical  and  Coaputar  Bnglnaarlng 
Sponsor  and  Funding:  Haval  Postgraduata  School 


OBJBCTIVIx  This  two-yaar  pro j act 
Invaatigataa  a  practical  approach  for 
reducing  blatatlc  radar  croaa  aactlon 
using  active  cancellation. 

SOaiaaXt  The  counter-BUf  technique 
appears  a»st  pronlslng  at  radar 
frequencies  below  which  passive 
aeasxxres  such  as  shaping  and 
absorbing  aaterlals  are  Inoperative. 
Thus  the  active  approach  nay  dovetail 
In  frequency  with  the  mor* 
conventional  methods  to  provide 
ultra-wideband  RCS  reduction  against 
futiure  radar  designs.  Including 
lapulse  radars.  The  first  year  has 
been  devoted  to  analytical  studies 
and  numerical  simulations  to  consider 
tradeoffs  of  RCS  reduction  vs. 
frequency  range  for  number  and 
placement  of  canceler  modules  using 
wire  models  of  aircraft  structures. 
Typical  blstatlc  RCS  reductions  of  at 
least  20  dB  over  all  aspects  are 
observed  around  frequencies  corres¬ 


ponding  to  canceler  spaclngs  of 
one-fourth  wavelength.  Reductions  of 
30-40  dB  are  observed  for  still  lower 
frequencies.  Gradual  degradation  of 
performance  Is  observed  as  frequency 
Is  Increased  until  canceler  spacing 
approaches  one-half  wavelength,  at 
which  point  the  system  falls 
dramatically.  The  second  year  will 
provide  more  detailed  nximerlcal 
modeling  and  begin  to  design  scale 
model  experimental  validations. 

OIHKR:  Morgan,  M.  X. ,  "Counter-IMF 
Active  Reduction  of  Blatatlc  Radar 
Scattering, ■  In  preparation  for  llll 
Transactions  on  and 
Propagation. 

OOD  KIT  TTCBMObOer  XRIXx  Sensors. 

mwOKUSt  Active  Cancellation,  RCS 
Reduction,  I,ow  Observables. 
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.  Morgan.  Profaaaor  &  Chalnaan 
Robartaon,  Asaociata  Profaaaor 


DapartaMnt  of  Blactrical  and  Coagputar  Snglnaaring 
Sponaor  and  Funding:  U.S.  Axmy  dCOM  Signals  Warfara  Diractorata 


OBJaCTXVB:  Goals  of  this  pro j act  ara 
to  conduct  anglnaarlng  daslgns, 
davalop  tast  procaduras.  and  to 
construct  and  tost  prototypical 
ultra- wideband  impulsa  racalvlng 
antannas . 

SnanoiTt  Inpulsa  antannas  ara 
antannas  that  ara  Intandad  to  althar 
transBklt  or  racalva  vary  short  pulsas 
of  aloctromagnatlc  anargy.  As  is  wall 
known,  short  pulsas  hava  axtramaly 
wlda  bandwldths;  banco,  liqiulaa 
antannas  by  thair  vary  nature  must  ba 
wideband.  However,  in  order  to 
maintain  signal  fidelity,  it  is  also 
vary  isqportant  that  the  is^ulaa 
antenna  not  introduce  significant 
phase  distortion  into  the  signal. 
What  is  raquirad  is  a  wideband 
antenna  with  not  only  a  constant 
magnitude  response  across  the 
bandwidth  but  also  linear  phase  shift 
resulting  in  minimal  dispersion  of 
the  signal.  Research  into  liig>ulsa 
antannas  has  bean  vary  intense  for  a 
number  of  years  now,  with  a  major 
application  being  the  measurement  of 
KMP  signals  resulting  from  nuclear 
explosions.  A  T8M  horn  antenna  for 
receiving  impulse  signals  with  a 


theoretical  bandwidth  of  1001IHs--5QHs 
was  designed,  constructed  and  tested 
in  1993.  Follow-on  work  planned  in 
1994  will  consider  daslgns  for 
Increasing  antaxma  gain  and 
bandwidth,  while  reducing  the 
physical  sise  of  the  antenna 
structure. 

POBUCATIOKSt  Robertson,  R.C.  and 
M.A.  Morgan,  "Ultra-Wideband  Impulse 
Antenna  Study  and  Prototype  Design, " 
HPS  Technical  Report  NP8-BC-93-010, 
March  1993. 

Morgan,  M.A.,  "Scale  Model 
Ultra-Wideband  Impulse  Radar, "  SPIB 
OK/XASK  '93  Conference,  Los  Angelos, 
CA,  16-23  January  1993. 

Morgan,  M.A.,  "Ultra-Wideband  Seale 
Model  Impulse  Radar, "  Progress  in 
Blectromagnotics  Research  Symposium 
(PIBRS),  Pasadena,  CA,  12-16  July 
1993. 

DOD  KXr  TBCBMDLOOr  ABBA:  Sensors. 

BZXWORDfci  Ultra -wideband.  Impulse 
Antexmas,  TBM  Homs. 
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ALGORITHMS  FOR  ASSKSSIMO  THB  gFFECTIVBMKSS  OF  SBdPBOMtP 
comrmaiRASPRKS  aqaimst  Airri-SHippiiiG  missile  platforms 


P.B.  Pace,  Assistant  Professor 
Departnmt  of  Electrical  and  Ccnputer  Engineering 
Sponsor  and  Funding:  Tactical  Electronic  Warfare  Division 

Naval  Research  Laboratory 


OSJBCTXVBj  Th«  objactlv*  of  thla 
roaoarch  ia  to  laqprova  tha  procaaa 
for  avaluatlng  hardtrara-ln-tha-loop 
and  flald  taat  parfonoanca  raaulta. 
Aa  part  of  thla  objactiva,  naw 
algor Ithaui  to  maaaura  tha  ovarall  KW 
ayatana  utility  and  affactivanaaa 
wara  to  ba  davalopad. 

StMSaRT:  Hardwara-in-tha  loop  data 
from  URL' a  Cantral  Targating 
Slanilator  facility  waa  obtainad. 
Thla  data  damonatrataa  tha  raaponaa 
of  varioua  anti-ahlpplng  mlaalla 
platforma  (opan  loop/cloaad  loop)  in 
an  alactronic  countarmaaauraa 
anvironmant.  Simulation  modala  of 
varioua  miaailaa  wara  conatructad  to 
Incorporata  thia  data  to  maaaura  tha 
affactivanaaa  of  tha  varioua  BCM 
wavaforma.  Aftar  dlacuaalon  with  tha 
Intagratad  BW  Simulation  Sclantiata, 
it  waa  datarmlnad  that  Incorporation 


of  tha  trua  aaakar  raaponaa  could 
add  additional  confldanca  in  tha 
aimulation  raaulta.  It  waa  dacidad 
to  obtain  charactarlxation  data 
corraaponding  to  tha  aaakar  currantly 
undar  atudy.  Incorporation  of  thia 
typa  of  analyaia  into  tha  aimulation 
modala  (ravaraa  anglnaarlng)  la 
aaqpactad  to  furthar  incraaaa  tha 
accuracy  of  tha  parfonnanca 
pradictiona. 

UTUJUt:  Praaantatlon,  "Initial 

Prograaa  (TJ) ,  ■  Intagratad  BN 

Simulation  Branch,  Tactical  BN 
Divlaion,  MRL,  30  Saptambar  1993. 

DOD  BBT  TBCBSObOCrr  ABBA:  Sanaora. 

XBXNORDS:  Anti-ahipping  Miaailaa, 

Blactronic  Countarmaaauraa, 
Simulation. 
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r^  ”«lTFY  »T  ftHTPOOt  siqwiLS 
P.K.  P«e«»  Aaalfltant  ProfMaor 
Dapartaamt  of  llaotrloal  and  Coaputar  Inglnaarliig 
Sponaor  and  Funding:  Spaea  and  Itaval  Narfara  Syataaw  Co^aand 


OaJBCnVBi  Th«  obj«etlv«  of  this 
roaoaxeh  was  to  lavastlgata  tha 
faaalblllty  of  diraetly  digitising, 
wldabaad  antanna  signals  using 
hlgh-rasolutlon  taehniquas  to  aehiava 
14 -bits  rasolution. 

gOHbnri  An  optical  IntarfarosMtar 
was  borrowed  from  tha  Optical 
Sciancaa  Division  at  M1U<  to  inltiata 
tha  effort  in  tha  MPS  optical 
laboratory.  Maasuraaonts  of  tha 
device  parfonanca  ware  taken  and  a 
14 -bit  design  basad  on  a  naw 
oynaatrlcal  nuaA)ar  ayataa  was 
developed.  Since  tha  IntarfarosMtar 
had  a  V-PI  of  four  volts  it  was 
decided  that  tha  Intarfaroaatar  was 
in  adequate  for  14 -bits.  After 
several  discussions  with  MRL  and  the 
research  teas,  it  was  decided  to 
develop  a  prototype  8 -bit  design  to 
study  the  issues  that  could  possibly 
give  problesM.  Digital  hardware 
consisting  of  a  logic  block  and  an 
erasable  prograoBable  aaaory  was 
constructed  to  decode  the  saapled 
analog  signal  into  a  uorm  fasdliar 
binary  output.  It  was  also  decided 
to  hold  discussions  with  NRL  and 
Investigate  the  possibility  of 
fabricating  a  new  interferosMter 
having  a  V-PI  of  0.2  volts  which  can 
instruMont  the  14 -bits. 


ADC's,"  im  Transactiwas  on  Circuits 
and  Systems,  accepted  for 
publication,  January  1994. 

Pace,  P.  I.  and  Styer,  D., 
"Bigh-Xeaolutlon  Incoding  Process  for 
an  Integrated  Optical  Analog- 
to-Digltal  Converter, ■  Optical 
Incineerino .  accepted  for 
publication,  Decaadber  1993. 

OOMPimCB  PffllTiTrATIOl I  Isparsa,  J. 
A.  and  Pace,  P.I.,  "A  Preprocessing 
Architecture  for  Resolution 
Rnhanceaent  in  High-Speed  Analog - 
to-Digital  Convertors,"  Illl 
International  Syaposlua  on  Circuits 
and  SystesM,  paper  Ho.  22.20,  Chicago 
II.,  3  Hay  1993. 

Pace,  P.I.,  "Research  in  High-Speed 
ADCs  at  the  Haval  Postgraduate 
School,"  Tri-Service  Digital  RP 
Hoaory  and  Digital  Rocoivor  Workshop 
(U),  Atlanta  QA,  15  JUly  1993. 

OTHIRi  Presentation,  Paco,  P.B., 
"High  Resolution  Techniques  for 
Integrated  Optical  Oulded-Wave  ADCs," 
sead.nar  at  the  XTnlverslty  of 
California,  Davis,  22  October  1993. 

DOD  KHT  THCHHOT^OOT  ARBAt  Sensors, 
Blectronlc  Devices. 


POBUCATXOHSi  Pace,  P.B., 
RasMSMorthy,  P.A.,  and  Styer,  D.,  "A 
Preprocessing  Architecture  for 
Resolution  RnhancesMnt  in  High-Speed 


KHTWORDSi  SyastMtrical  Huaber  Systoa, 
Analog- to-digital  Conversion, 
Preprocessing,  Optics. 
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SUKFACl  nODM  PROCTSSIMG  FOR  TAKGKT  DgTBCno»  n«rTAPmi»TnM 

P.B.  Pace,  Asalatant  Pro£eaaor 
Paper tTnent  of  Blectrlcal  axui  CcHputar  Bngineerlng 
Sponaor  azid  Funding:  Hughea  Mlaalla  Syataaa  Coafmny 


aaJBCTZVBt  Th«  objactlva  of  this 
raaaurch  was  to  exporiiuantally 
avaluata  tha  trada-offa  batwaan  an 
Invar sa  MTI  £il taring  approach  and  a 
OFT  flltar  bank  approach  to  datact 
surfaca  targets  in  saa  cluttar. 

Snenunr:  Trada-offa  in  parfomanca 
versus  hardware  coa^lexlty  were 
evaluated  for  two  search  processor 
configurations  for  several  slow 
aioving  targets  of  various  size  burled 
in  recorded  sea  clutter  data. 
Several  variations  were  investigated 
for  each  approach.  A  retrofit  of  the 
cxirrent  Phalanx  hardware  to  perform 
this  search/detection  processing  was 
studied  and  an  optlzial  inverse  filter 
was  constructed  that  could  easily  be 
implemented  in  the  currently 
configured  hardware.  Overflow 
effects  and  truncation  noise  levels 
were  numerically  evaluated. 

FOBTiTC?ATIOW8 :  Pace,  P.B.  and  Taylor, 
L.L.,  "False  Alarm  Analysis  of  the 
Envelope  and  Envelope  Approximation 
00  CFAR  Processor, ■  IBBB  Tranaaetlona 
on  Aerospace  and  Electronic  Systems, 
accepted  June  1993 . 

Pace,  P.B.  and  Brewer,  O.B.,  "16-bit 
Inverse  MTI  for  Low  Velocity  Target 


Acquisition  (n) , "  MPS  Technical 
Report  MPSEC-93-023,  to  Hughes 
Missile  Systems  Company, 
(COMFIDENTIAL  Report) ,  Deceidser  1993 . 

PDBLICATIOMS:  Pace,  P.B.  and  Taylor, 
L.L.,  "Radar  Signal  Processing  for 
the  Detenzlnation  of  Individual 
Projactila  Characteristics  (U),"  in 
Proceedings  of  the  30th  Annual 
Tri-Service  Radar  Symposium,  Paper 
Mo.  93.51,  23  June  1993, 
(CONFIDENTIAL  Paper) . 

THESES  OIRHCTKD:  Bowman,  P.J.,  LT, 
OSN,  "Combatting  Inherent 
vulnerabilities  of  CFAR  Algorithms 
and  a  Mew  Robust  CFAR  Design, " 
Master's  Thesis  in  Electrical 
Engineering,  September  1993 . 

I}oo  Jong,  K. ,  CAPT,  Korean  Army,  "New 
Binary  Integration  Strategies  and 
Corresponding  R90  CalculatloiM , " 
Master's  Thesis  in  Electrical 
Engineering,  September  1993. 

DOD  KKT  THCHHOLOGT  AREA:  Sensors. 

REHIORDS:  Phalanx,  Close-in- 
weapon-  system,  Surface  Mode  Signal 
Processing,  Sea  Clutter. 
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PASSIVE  KVM.niLTI<»f  OF  IR  TAEGCTS 
R.J.  Pleper.  Aasoclate  Professor 
Department  of  Electrical  and  Coaputer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OaraCTIVS:  To  inv«stlgat«,  using 
both  oxpsrlnsntal  maasuraiaonts  and 
coaqiutar  modallng,  vlabla  schaaas  for 
passiva  charactarization  of  targat 
ranga  and  othar  faaturas  basad  on 
maasurainants  in  tha  IR  bands. 

SnSSlRT;  This  projact  was  initiatad 
in  Quartar  3  of  FY93  and  is  undar 
continuation  into  FY94 .  A  mathod 
for  passiva  ranging  baaed  on  tha 
principle  of  triangulation  was 
invastigatad.  Tha  sensitivity  of  tha 
ranga  prediction  to  variation  in  tha 
bearing  accuracy  was  evaluated  in 
tarms  of  tha  distance  between 
basalinas,  targat  orientation,  and 
ranga  to  tha  targat.  The  dual 
baseline  system  was  shown  to  have 
significant  tactical  advantages  over 
a  single  baseline.  Related  XRST  work 
which  included  system  modeling  and 
targat  signature  enhancement  was  also 
investigated. 

THKSIS  OIRXCTKD:  Chan,  P.K., 
"Experimental  Investigation  of  Infra¬ 


red  Polarization  Effects  in  Targat 
and  Background  Diacriad.natlon,  ” 
Master's  Thesis  in  Electrical 
Engineering,  June  1993 . 

OTHER:  Technote  delivered  to  John 
Hopkins  university.  Applied  Physics 
Lab  to  appear  as  an  MPS  Technical 
Report:  Plepar,  R.J.  and  Cooper,  A. 
H. ,  "A  Triangulation  Method  for 
Passiva  Ranging,"  Technote  NACIT-94- 
1;  delivered  JHU/APL,  November  1993. 

Pieper,  R.J.  and  Cooper,  A.M.,  "A 
Visibility  Model  for  MRTD  Predic¬ 
tion,  ”  accepted  for  presentation  at 
SPXE  Symposium  on  Infrared  Isiaglng 
Systems:  Design,  Analysis,  Modallng, 
and  Tasting  V,  Orlando,  April  1994; 
accepted  for  publication  in  SPXE 
proceedings . 

DOD  KEY  TECBHOX^OOY  AREA:  Sensors. 

EEYNORDS:  Infrared  Systesis,  Sensors, 
Polarization  Effects. 
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PROPAfiATIOM  OF  TRAMSIKNT  WAVES 
J.  Powers,  Professor 

Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJSCTXVS:  To  study  the  predicted 
propagation  properties  of  transient 
acoustic  and  optical  waves  In  an 
effort  to  understand  the  propagation 
of  vary  short  dura-tlon  waves  and  to 
use  such  waves  In  Imaging 
applications . 

SUMMART:  With  the  ability  to 
generate  short-duration  soimd  and 
light  pulses  comes  the  requirement  to 
be  able  to  model  and  understand  the 
propagation  of  these  waves.  Unlike 
oiost  line-integral  techniques 
presently  available,  these  models 
should  be  conqiutatlonally  efficient. 

We  have  developed  a  method  of 
simulating  acoustic  propagation  in 
linear  homogeneous  media  based  on 
Fourier  transform  techniques.  The 
propagation  transfer  function 
represents  a  time -varying  spatial 
filter  that  increasingly  attenuates 
the  higher  spatial  frequencies  of  the 
wave  as  time  increases. 

Effort  focused  on  liiq>lementlng  the 
model  on  a  large -memory  microcosqputer 
using  the  commercial  program,  MATLAB, 
and  in  using  visualization  tools  to 


display  the  calculated  four- 
dlmenslonal  wave  (three  space  disten¬ 
sions  and  tisia)  .  Currently,  we  are 
constructing  a  coiqtutor-controllod 
experimental  data-collaction  system 
to  measure  experiioental  acoustic  data 
fields  to  confirm  the  technique. 

PUBUCATIOH:  Powers,  J.P.,  "Acoustic 
Propagation  Modeling  Using  MATZiAB, " 
NPS  Technical  Report  NPS-BC-93-014, 
September  1993 . 

OIBKR:  Powers,  J.P.,  Reid,  W. , 
Upton,  J.6.,  and  Van  da  Vaire,  R.,  "A 
Cosiparison  of  the  Transient 
Propagation  Properties  of  Gaussian 
and  Bessel  Waves,"  to  be  published  in 
Acoustical  Intaaina.  Vol.  21,  J.  P. 
Jones,  ed..  Plenum  Press,  in  1994. 

THESIS  DIRECTED:  Oatchell,  Pater, 
LTJ6,  USN,  "Experimental  Measurement 
of  Acoustic  Wave  Propagation, " 
Master's  Thesis  in  Electrical 
Engineering,  to  be  conplated  in  June 
1994. 

DOD  KET  TECHNOLOGT  AREA:  Sensors. 

KETWORDS:  Acoustics,  Have 
Propagation,  Transient  Waves,  Optics. 
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R.C.  Robertson,  Associate  Professor 
T.T.  Ba,  Professor 

Departnent  of  Blectrlcal  and  Ccnputer  Engineering 
Sponsor  and  Funding;  U.S.  Coast  Guard  Research  and 

Developnent  Center 


QBJICTXVBt  Th«  puzpos*  of  this 
xmmmmrch  program  la  to  datormlna  what 
Opan  Systaa  Intarconnaction  (OSZ) 
data  coamnanicatlon  protocols  can  ba 
usad  to  provlda  affactiva  and 
afflclant  data  coomunicatlona  for 
radlo>baaod  uritima  aoblla  aarvlcaa 
(Including  aatalllta  ayatama) . 

SOMBUnrs  Data  coBBBunlcatlona  ara 
baccadng  BK>ra  axtanalvaly  uaad  In  tha 
aarltlaa  aoblla  aarvlcaa.  With  no 
currant  ganaral  protocol  proflla  that 
can  ba  uaad  for  data  coaotunlcatlona 
batwaan  aoblla  aarvlcaa,  protocols 
that  adhara  to  tha  OSI  standards  naad 
to  ba  davalopad.  Tha  laplaaMntatlon 
of  auch  protocols  will  allow  aultlpla 
shipboard  aqulpaant  to  conanmlcata 
via  a  shlpboma  network  and  than 
transmit  tha  data  to  a  shore -baaad 
network  In  an  afflclant  manner. 
Automatic  Repeat  raQuast  (ARQ) 
techniques  are  often  usad  by  packet 
switching  networks  to  provide  error 
free  coanunlcatlon  links  batwaan 
network  nodes.  Information  through¬ 


out  Is  highly  link  dependant}  as  tha 
noise  or  Intarfaranca  on  tha  link 
Incraasas,  througl^ut  dacraasas.  To 
Improve  througl^ut  on  a  packat 
switching  communications  network,  an 
adaptive  ARQ  strategy  was  davalopad 
and  applied  to  the  Stop-and  Walt  (SW) 
protocol .  A  comparison  of  tha 
throughput  afflclanclas  of  tha 
simulated  adaptive  SW  protocol  with 
tha  non-adaptlva  SW  protocol  shows  a 
marked  Improvamant  In  throughput  idian 
tha  consninlcatlon  links  ara  subjected 
to  high  channel  bit  error  rates. 

PUBUCATlOMt  Borchardt,  R.L.,  Ba, 
T.T.,  and  Robertson,  R.C., 
"DavalopsMnt  of  Protocols  for 
Maritime  Mobile  Coamamleatlons,  ■  MPS 
Technical  Report  NPSXC-93-031, 
November  1993. 

DOO  XBT  rweamium  ABBAx  communica¬ 
tions  Networking. 

KBZWORDSi  Open  System  Intarconaact 
(OSI) ,  Protocols,  Data  Communications 
Network. 
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gBsyQWiMffa  OW  FRBQWHCy-lPyPlP 

FniQffiHCY-ggxra  man?  gigraig  oro 

FADTUG  CHMftffLg  wyig  PMtTXAT>-BWP  atMTURTF^™^ 
R.C.  Robertson,  Associate  Professor 
Department  of  Electrical  and  Ccnputer  Rogineering 
Sponsor:  Naval  Postgraduate  School 


OBJSCTXVSi  Th«  goal  of  this  pro j act 
ia  to  dotoralno  the  Blaetronlc 
Counter -Coun tar  Meaauraa  (BCCM) 
potential  of  varloua  FFH/MTSK 
coamunlcatlona  ayatama  under 
condltlona  of  worat  caae  hoatlle 
Blaetronlc  Counter  Meaauraa  (BCM)  and 
fading  ehannela. 

SOSIBBTx  The  performance  of  an  $M 
\mbox{-ary}$  orthogonal 
frequency- ahl ft  keying  (KFSK) 
ccoBunlcatlon  ayatea  enploylng  faat 
frequency-hopped  apread  apeetrum 
waveforma  tranasUtted  over  a 
frequency-nonaelectiva,  alowly  fading 
channel  with  partial-band 
Interference  waa  analysed.  A 
procedure  referred  to  aa 
nolae-noraalizatlon  coabinlng  waa 
eaiployed  by  the  ayatem  receiver  to 
sd.niad.se  partial -band  interference 
effects.  Bach  hop  was  assumed  to 
fade  Independently.  The  partial -band 
interference  was  aiodeled  as  a 
Gaussian  process.  Both  the  signal 
and  the  partial -band  Interference 
were  asaxmed  to  be  affected  by  the 
fading  channel  which 


was  Btodeled  as  Rician.  The  effect  of 
fading  of  the  partial -band 
Interference  on  worat-caae  receiver 
perforsiance  was  relatively  minor. 
When  there  was  no  signal  fading  or 
when  the  signal  fading  was  Rician, 
then  the  counter-intuitive  result  of 
poorer  receiver  performance  «dMn  the 
partial -band  inter faranea  exqxerlenced 
fading  was  obtained.  This  affect  was 
most  pronounced  idien  the  signal  did 
not  fade  and  the  partial -band 
interference  esperienced  Rayleigh 
fading. 

PDBLICATiaaz  Xragh,  M.  and 
Robertson,  R.C.,  "The  Bffect  of 
Rician  Fading  and  Partial -Band 
Interference  on  Holse-Kormalised, 
Fast  Frequency-Hopped  MFSX 
Receivers,"  in  Proceedings  of  the 
IBBB  Military  Coamunioations 
Conference,  Vol.  1,  pp.  182-186, 
1993. 

DOS)  BBT  TBCBHOUXnr  ARBAx  Other. 

IBIlKUtUBx  Spread  Spectrum,  Fast 
Frequency-hopping,  Partial-band 
Interference . 
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EVALinkTIOir  OF  AMTgHHA.  CHAttArTOBTSTlCS  BASED  OM 
AVAHABLE  IMFOiailiTKW 
R.C.  Rob«rtso(n,  Associate  Professor 
Department  of  Blectrieal  and  Coeputer  BngdLneering 
Sponsor  and  Funding:  Naval  Mari  tine  Intelligence  Center 


(SJSCTIVS:  Tha  purpoaa  of  this 

rssssrch  progrsa  was  to  davalop  a  sat 
of  usar  friandly  uthamatleal 
applications  capabla  of  eoaputing 
tha  radiation  pattam  and  othar 
partinant  antanna  parasMtars  of  an 
antanna  or  antanna  ayataa  basad 
availabla  infomation. 

SaMUKT:  It  is  important  to  bo  abla 
to  obtain  as  spacific  an  idaa  as 
possibla  of  tha  eapabilitias, 
liaitations#  and  vulnarabilitiaa  of  a 
particular  antanna  or  antanna  systaa. 
OftantisMSt  tha  only  inforaation 
availabla  is  that  of  a  photograph  of 
tha  systaa  undar  invastlgation  and 
tha  physical  slxa  of  tha  systaa. 
Oanarally,  this  will  priaarily  ba 
infonsatlon  obtainad  froa  a 
photograph  and  tha  physical 
dlsMnsions  of  tha  antanna  or  antanna 
systaa;  although,  tha  applications 
ara  flaxlbla  to  tha  axtont  that  thoy 
aaka  thoir  coaputation  basad  on 
idiatovor  inforaation  is  availabla. 
Tha  aathaaatlcal  applications  ara 
dasignad  to  ba  oporatod  by  an 
anginaor  fasiiliar  with  basic  antanns 
typas.  All  suithaaatical  applications 
ara  basad  on  axistlng  anginaaring 
aquations  for  tha  antanna  typa  \mdar 
considaration.  A  nusdsar  of 

applications  for  various  antanna 


typas  hava  baan  coaplatad. 

POTUCATIOeS;  Garry,  D.D.  and 
Robartson,  R.C.,  "Kathcad  Coeputar 
J^plicatlons  Pradlctlng  Antanna 
Paramatars  froa  Antanna  Physical 
Diaansions  and  Ground 
Charactaristics, "  MPS  Tachnical 
Raport  HPSSC-93-012,  JUna  1993. 

Lundhola,  S.B.,  Robartson,  R.C.,  and 
Borchardt,  R.L.,  "Pradictliig  Antanna 
ParasMtars  froa  Antanna  Physical 
Diaansions , *  MPS  Tachnical  Raport 
MPSBC-93-019,  Oacaabar  1993. 

THESIS  DISBCTSD:  Garry,  Donald  D., 
LCSR,  USH,  "Kathcad  Coeputar 
^plications  Pradlcting  Antanna 
Paraaatars  froa  Antanna  Physical 
Diaansions  and  Ground  Charactar- 
istlcs,"  Mastar's  Thasls  in 
Blactrical  Bnginaaring,  JUna  1993. 

Limdhola,  Stavan  S.,  LT,  USM, 
"Pradlcting  Antanna  ParasMtars  froa 
Antanna  Physical  Diaansions," 
Mastar's  Thasis  in  Blactrical 
Bnginaaring,  Dacaabar  1993. 

OW  BBT  TBCBMOItOOr  ABBA:  Sansors. 

IBmUKUSs  Antanna,  Radiation 
Pattam,  Antanna  Gain. 
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compilb-thib  support  for  thb  prockssimg  graph  UmOPOLOOT 

ON  THE  AH/UTy-3  PxaXT.T.KT.  SIGNM.  PROCESSOR 
S.B.  Shukla,  Aaslstant  Professor 
Departanent  of  Electrical  and  Ccsqiuter  Engineering 
K.  Zaky,  Assistant  Professor 
Departnent  of  Conputer  Science 
Sponsor  and  Funding:  Naval  Sea  Systesui  CcHnand 


OBJacrzvSt  Th«  goal  o£  this 

continuing  project  is  to  develop  a 
BMthodology  for  datenaining  the 
optijaal  chains  of  prlaiitlves  in 
processing  graph  laethodology  (PGM) 
applications  running  on  the  AN/X7yS-2. 

snsnunr:  Performance  of  the  AN/t7YS-2 
can  be  improved  if  the  prlailtives  of 
the  PGM  graph  are  chained  together 
appropriately.  In  order  to  construct 
the  beat  possible  chains 
automatically  instead  of  atanually,  a 
framework,  based  on  a  technique 
called  revolving  cylinder  scheduling, 
was  developed.  This  technique  is 
based  on  mapping  the  graph  at 
compile- time  on  a  cylinder  whose 
curved  surface  area  is  determined  by 
the  number  of  processors  and  graph 
characteristics  such  as  primitive 
computation  times  and  data  arrival 
rata.  The  potential  of  this 

technique  for  chaining  as  well  as  for 
predictable  execution  was 
demonstrated  by  building  a  simulator 
for  the  AN/nYS-2.  Work  is  in 
progress  to  determine  the  feasibility 
of  deploying  this  technique  in  the 
actual  AN/nNY-2  programming 
environaient .  Two  theses  have  been 
completed  and  three  more  are  in 
progress  as  part  of  this  work. 

OCMRBMMCB  PmSKMTATIOM:  Shukla,  S. 
B.,  Little,  B.,  and  Zaky,  A.,  "A 
Compile-Time  Technique  for 
Controlling  Real-Time  Execution  of 
Task-Level  Data-Flow  Graphs,”  Inter¬ 


national  Conference  on  Parallel 
Processing,  St.  Charles,  IL,  August 
1992.  Mon  the  Outstanding  Papsr 
Award. 

THKSK8  DIRXCTKD:  Little,  B.S 
USN,  ”A  Technique  for  Predict  »:ole 
Real-Time  Bxecutlon  in  the  All/UTS -2 
Parallel  Signal  Processing 
Architecture,”  Master's  Thesis  in 
Blectrlcal  Bnglneerlng,  Decsmber 
1991,  (Also  filed  as  a  MPS  Technical 
Report,  NPSBC-92-002) . 

Bell,  H.,  LT,  DSN,  ”A  Compile-Time 
Approach  of  Chaining  in  the  AM/DTS-2 
Parallel  Signal  Processor,"  Master's 
Thesis  in  Blectrlcal  Engineering, 
March  1992. 

Swank,  D.,  LT,  USN,  "Large-Grain 
Data-Flow  Graph  Restructuring  for 
EMSP  Signal  Processing  Benchmarks  on 
the  BCOS  Workstation  System,  ” 
Master's  Thesis  in  Electrical 
Engineering,  June  1993 . 

Cross,  D.,  CAPT,  USA,  "Usefulness  of 
Conpile-Time  Restructuring  of  Large- 
Grain  Data-Flow  Programs  in 
Throughput  Critical  implications,” 
Master's  Thesis  in  Blectrlcal 
Engineering,  September  1993 . 

DOD  RET  TBCHHOLOOT  AREA:  Computers. 

KEZWORDS:  Real-time,  Signal 

Processing,  Parallel  Processing. 
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S.B.  SbuklAf  Asalfltant  ProfMsor 
D«partMiit  of  Kloctrleal  and  Coaputar  Bnglnaaring 
Sponaorx  Raaaareh  Initiation  Program, 
national  Selanca  Foundation 
Funding «  National  Sclanca  Foundation 


OBjaCTXVSt  Th«  goal  of  this  thrao-  aanca  of  aaabarshlp  protocols, 

year  project  la  to  develop  and  Parforaanca  will  be  studied  with 

charaetarlaa  a  aultl-purpoaa  and  alaulatlons  based  on  stochastic 

sealable  group  aes^ershlp  service.  aodelllng  of  applications/  asadbershlp 

protocols,  and  underlying  networks. 
SMOUnrt  This  project  focuses  on  the  The  slonilatlons  will  be  built  using 

structure  of  a  group  Boadbership  eossMrelal  network  engineering  tools, 

service,  a  basic  building  block  for  The  Min  contributions  expected  frea 

group-oriented  distributed  this  research  are  a  single  aulti- 

appllcati’ins .  The  objectives  of  this  purpose  SMsbership  protocol  instead 

project  are  developaant  and  of  tha  current  applloatlon-speciflc 

performance  characterisation  of  a  varlaty  and  quantitative  perforaance 

aeabershlp  service  with  aultlple  characterisation  which  Is  currently 

classes  of  service.  The  eaphasls  Is  lacking, 

on  categorical  definition  of  service 

classes  to  support  a  wide  spectrum  of  THISU  DZBICIB>i  Piers,  P.,  LT, 

applications,  adaptive  status  Portuguase  Mavy,  "Design  of  a 

a»nltorlng  to  adniad.se  wrongly  Decentralised  Asynchronous  Uaabership 

perceived  status  changes,  a  Protocol  and  an  taplSMntatlon  of  its 

coapletely  decentralised  and  Coaaninlcatlon  lAyar,"  Master's 

hlerarchlal  protocol  requiring  an  Thesis  In  llectrlcal  Engineering, 

overhead  proportional  to  the  quality  March  1993. 

of  the  service  rendered,  and  support 

of  a  spectrum  of  SMsdbershlp  seaMntlcs  Pesdirts,  D.,  LT,  U8M,  "XaplssMnta- 

In  spite  of  transient  network  tlon  and  Performance  Analysis  of  a 

partitioning.  Techniques  will  be  Decentralised  Group  Maabership 

developed  to  support  seaadess  Protocol  for  Asynchronous 

distribution  of  largo  groups  across  a  Snvlronamnts , ”  Master's  Thesis  in 

set  of  heterogeneous  networks  by  Electrical  Engineering,  December 

exploiting  the  attributes  of  local  1993. 

coamunlcation  snvlronaMnts  and  using 

topology -based  optimisations .  FosmI  DOO  SET  TECHHOLOCnr  AESAt  Cooaninlea- 

teehnlques  will  be  used  for  tlons  networking, 

specification,  verification,  and 

laploMntatlon  of  the  protocol.  A  KBIEOSDEt  Reliable,  Distributed, 

perfotaumce  Mtrlc  will  be  developed  Membership, 

for  characterisation  of  the  perfor- 
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SCmM.  fiTflWXT. 

C.W.  Tbarrien*  Professor 

Dspsrtaant  of  Bloctrlcsl  and  Coavutsr  Bnginssring 
Sponsor  and  Funding:  Haval  UIndarsaa  Warfars  Cantor 

Haw  London 


OBJSCTXVBx  This  rasaareh  involvaa 
th«  davalopaant  of  modala  for 
undorwator  signals  raeaivad  by  a 
passlva  sonar  to  support  «rork  in 
classification. 

sasBkXTt  Rasaarch  on  nodallng  of 
acoustic  tranalanta  and  ralatad  sonar 
data  was  carrlad  out  In  fiscal  yaar 
contlnuad  in  1993.  A  cosqprahanslva 
study  to  coapara  ARMA  nodallng  to 
thraa  othar  analysla/aynthasla 
wathods  asad  In  spaach  nodallng  was 
carrlad  out.  Naw  work  on  ocaan  nolsa 
sndallng  was  carrlad  out  and  a  naw 
flltarlng  nathod  for  nolsa  ranoval 
was  davalopad.  Finally,  sosm  naw 
aathoda  for  data  synthaais  wars 
davalopad.  Data  ganaratad  by  thasa 
Mthods  aatchas  racordad  acoustic 
data  In  tha  tlaa  and  fraguancy 
dcaain.  In  aural  avaluatlon  tha  data 
Is  virtually  Indlstlngulshabla  froa 
physically  ganaratad  and  racordad 
sonar  data. 

PDBLICATZara:  Tharrlan,  C.W.  and 
Valasco,  C.H.,  "An  Itaratlva 
Bxtanslon  of  Prony's  Nathod  for  ARMA 
Signal  Nodallng, "  NFS  Tachnical 
Raport  MPSIC-93-025,  15  Saptaabar 
1993. 

Tharrlan,  C.W.,  Victory,  C.W. , 
Pfalfar,  O.K.,  Frack,  K.L.,  and 
Xjono,  O.,  "Susnary  Report  on  Sonar 
Signal  Nodallng  for  Fyi993  (U) , "  NPS 
Tachnical  Raport  llPSBC-93-026,  30 


October  1993,  (SICRIT  MOFORN 
Report) . 

Tharrlan,  C.W.,  Victory,  C.W.,  and 
Pfalfar,  O.X.,  "Methods  for  Modeling 
Transient  Sonar  Data  (U) , "  to  appear 
in  g.S.  Haw  Journal  of  Dhdarwatar 
Acoustics.  April  1993,  (SICRST  NOFORM 
Raport) . 

OONFBRBKS  PRWSWTATlOWi  Tharrlan, 
C.  W. ,  "Nodallng  of  Passive  Sonar 
Signals,"  OMR  Full  Spactrua  Review, 
State  Collage,  PA,  Saptaabar  1993. 

THI8N8  DnaCTBDx  Victory,  C.N.,  LT, 
DSH,  "Coaparison  of  Signal  Processing 
Modeling  Methods  for  Passive  Sonar 
Data,"  Master's  Thesis  In  Blactrlcal 
Rnglnaarlng,  March  1993. 

Valasco,  C.B.,  LT,  Colunblan  Mavy, 
"ARMA  Modeling  of  Signals  in  tha  Tlsw 
Douln, "  Master's  Thesis  in 
Blactrlcal  Bnglnaaring,  Dacaabar 
1992. 

OTHBRt  Tharrlan,  C.W.  and  Valasco, 
C.H.,  "An  Itaratlva  Prony  Nathod  for 
ARMA  Signal  Modeling, "  IBBB 
Transactions  on  Signal  Processing,  to 
appear  in  Spring  1994. 

DOD  BBT  TBCHWOLOOr  ARMAt  Sensors. 

KBIWOBDS:  Passive  Sonar,  ARMA 
Nodallng,  Signal  Modeling,  Acoustic 
Transients . 
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D«partMnt  of  Xloctrical  azid  CoHputor  EngXnmmxiag 
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OBJKTXVSi  Th«  purpoa*  of  thla 
of fort  waa  to  aupport  tha  Croaabow 
Coaadttaa  and  aavaral  of  thalr 
intalllganca  taaaa.  Wa  atudiad  and 
aiaulatad  aavaral  Soviet  adaailaa  and 
attaaqptad  to  davalop  tachniguaa  to 
countar  thaa. 

SimaXTi  Wa  have  atudiad  and 
aianilatad  in  conaidarabla  detail,  tha 
Soviet  SA-€,  SA-11,  and  now  tha 
follow  on  ayataa,  SA-17x.  Tha  SA-6 
waa  uaad  affectively  in  tha  73  War  by 
Bgypt.  Tha  follow  on,  tha  SA-11  ia 
operational  in  the  Soviet  Union.  Tha 
SA-17X  ia  in  R&D  teat.  Our  taak  waa 
to  know  everything  poaaibla  about  tha 
guidance  and  control  of  thaaa 
ayataa«.  Wa  have  had  fraguant 
brlaflnga  by  CIA,  NSA,  DIA,  MSZC,  and 
othara.  Tha  aianilationa  have  bean 
uaad  to  atudy  tha  adaaila  ayataau  and 
how  to  counter  thaai.  Tha  purpoaa  of 
thia  group  ia  to  daal$pi  and  davalop 
aavaral  of  thaaa  ayataau  to  bo  uaad 
at  appropriate  Air  Force  and  Navy 
facllitlaa.  Thla  peat  year  wa  have 


alao  bean  atudylng  tha  SA-15,  which 
ia  a  follow  on  to  tha  SA-8.  Howavar, 
it  la  totally  now  in  aany  aapacta; 
featuring  anilti- target  tracking 
capability  (48  tasrgata)  and  vertical 
launch  adoailaa  with  new  BCCM  and  new 
BO  ayataa«.  Bxport  varaiona  of  thia 
ayataa  are  now  on  aala.  In  country 
varaiona  havo  aoaM  algnificant  added 
capabilitiaa  idsich  wa  are  attaapting 
to  datamklna.  Huaaroua  aMOtinga  and 
diacuaaiona  ware  hold.  A  workahop  on 
adaalla  guidance  waa  given  at 
Buntavilla,  Alabaaa.  LT  Painter' a 
thoaia  involved  a  SA-11  Miaailo 
Target  Siaulation.  LT  Tla  Mull 
davolopod  a  aiaulation  and  daaign  for 
tha  vertical  launch  phaaa  of  thaaa 
ad.aailaa.  Ra  did  thia  for  tha  SA-15 
and  tha  Sea  Sparrow.  Work  ia 
continuing  reviewing  threat  alaulator 
validation  raporta. 

DOO  BBT  TBCBHOLOOr  ARBAt  Software. 

ABIWOBPSs 
Siaulation. 


Tracking 


Mlaallaa 


H.  Titua,  Professor 

Depertesnt  of  Blectrlcsl  end  Coeputer  Engineering 
Sponsor  and  Funding:  MDIISS,  Keyport,  Washington 


OBJSCTTVIx  Our  task  was  to  davalop  a 
falean  f 11 tar  torpado  tracking 
program  which  incorporated  tha 
aeo\istic  ranga  data  and  tha  torpado' s 
INS  data  as  wall. 

snaiaKrt  For  ovar  a  dozan  yaars,  wa 
hava  had  thasls  studants  and  faculty 
inwolvad  in  various  torpado  tracking 
problaes  as  raquastad  by  tha  rasaarch 
are  of  tha  MUNIS  facility.  This  past 
yaar  wa  Invastigatad  tha  Kalaan 
flltar  fusing  and  ssKaothlng  of  tha 
ranga  acoustic  data  with  an  intamal 
IMS  data.  LT  Alfaro  has  dona  a  vary 
good  job  and  thay  ara  incorporating 
his  work.  Tha  problaa  was  nada 
Intarasting  dua  to  tha  fact  that  tha 
IMS  had  vary  high  drift  ratas,  aaklng 
a  problaa  in  aligning  accalaroaatar 
outputs  to  tha  ranga  coordinata 
systaa.  Tha  obsarvatlon  ratas  wars 
non -synchronous,  and  tha  acoustic 
data  had  dropouts,  and 


discontinultlas  as  tha  torpado  wo\U.d 
pass  frea  ono  acoustic  array  to 
another.  LT  Wiaaaan  is  following  on 
with  LT  Alfaro's  work.  Incorporating 
a  naw  aanauvar  dataction  algorithm, 
and  now  utilising  tha  aecalaroaatars . 
Tha  work  is  classifiad.  Frasantations 
wara  given  at  MUNIS .  LT  Turpaning 
continued  on  with  LT  Nlsasum's  work. 
Profassor  Art  Schoanstadt  and 
Professor  Titus  ara  continuing  with 
soma  software  updates.  Tha  project 
was  cooplatad  in  tha  fall  of  1993. 

DOO  KKT  TICHHOLOGr  AHA:  Software. 

mwCMtDS:  Tracking,  Torpado, 

Simulation. 
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Depertssnt  of  Bleetricel  and  Coaqputer  Bnglneerlng 
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OBJSCnvSt  N*  wish  to  loests  tsrgsts 
from  spaes  platforms  and  to  davalop 
optimal  control  tachniquas  for 
attituda  control  and  sumauvar  of 
spacacraft. 

SUMShSTi  Algorithms  hava  baan 
davalopad  to  FPT  procass  high  PRF 
pulaa  Dopplar  signals  and  than  Kalman 
filtar  obaarvabla  parasMtars  from 
thasa  coafficiants  to  locata  targata 
of  intarast.  Na  ara  prasantly 
waiting  to  taat  tha  algorithms  on 
raal  data.  Slanilations  hava  baan 
parformad  on  rapraaantatlva  signals. 
OptisMl  control  tachniquas  hava  baan 
appliad  in  tha  ganaral  attituda 
control  and  spacacraft  sumauvar 
problam.  LTs  Mika  and  tinar  did 
thasas  on  "Fast  Bnvalopa  Corralation 
for  Passlva  Ranging"  and  "Fraquancy, 
Anplituda«  and  Phasa  Tracking  of  Non- 
Slnusoldal  Signal  in  Koisa  With 
Bxtandad  Kalman  Filtar," 
raspactlvaly.  Coopar's  thasis 
Involvad  a  third  ordar  optimal  con¬ 


trol  for  spacacraft  attituda  control. 
Rasaarch  briaflngs  wara  glvan  at  HRL. 
A  papar,  "Sacond  and  Third  Ordar 
Mlnianim  Tima  Controllars  and  Misslla 
Ad joints,"  was  prasantad  by  Coopar 
and  Titus  at  tha  34th  Midwast 
Symposium  on  Circuits  and  Systams, 
Montaray,  CA,  May  14-17,  1991.  LTs 
Mika  and  Haafnar  hava  workad  on  tha 
analysis  of  radar  amlttar  signaturas 
via  FFT  and  tima  domain  fil taring. 
LT  Sipa  continuad  this  affort.  XiT 
Mars  addrassad  tha  problam  of  placing 
tha  sansor  on  a  spacific  platform  and 
its  control  problasw.  Capt  Williamson 
and  X,T  Fallon  ara  axtanding  this  work 
to  includa  RPVs  and  othar  sansor 
platfonss.  Sansor  fusion  for 

locating  thraat  sdasila  and  sd-sslla 
radar  ara  baing  addrassad. 

DCH>  KMT  TMCBHObOOr  aUUCA:  Softwara. 

XBXWORDS:  Tracking,  Mlssllas, 

Simulation. 
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LORAH-C  TRAMSmTTKR  MCMDELIlig  AMD  WTMK  flHXPTlKl 
M.  Tuaula*  Associata  Profeaaor 
D^MUctaant  of  Blectrlcal  and  Coaqputar  Bnginaaring 
Sponaor  and  Funding:  Blectronlca  Bnginaaring  Can  tar 
n.S.  Coast  Guard,  WildMood,  HJ 


QBJKTXVSi  Th«  goal  of  this  projact 
was  to  davalop  signal  proeasslng 
algorithms  for  modaling  of  Loran-C 
traxunnittars  and  onlina  shaping  of 
tha  Loran-C  output  wavafoxm  to  maat 
Coast  Guard's  spacif ications .  This 
was  a  two-yaar  projact;  tha  work 
raportad  hara  consists  of  tha 
concluding  part  of  tha  two-yaar 
affort. 

Snaaunrx  Tha  Loran-C  transmittar  is 
a  non-linaar  and  tima  varying  davica. 
Na  hava  davalopad  pola-saro  modals 
for  thasa  transmittars  taking  tha 
tima  variations  and  nonlinaaritias 
(as  maasurad  from  actual  axparimants) 
into  account.  Na  hava  usad  a  sat  of 
concatanatad  modals  to  accoastodata 
tha  nonlinaaritias  and  tha  tima 
variations  ara  trackad  using  adaptiva 
paramatar  astimation  algorithms.  Tha 
AH/rPM«42  raquirad  4  polas  and  3 
zaros  whila  AN/FPN-44A  raguirad  6 
polas  and  3  zaros.  In  both  casas,  tha 
wavaforms  ganaratad  by  modals  agraad 
with  tha  actual  transmittar  output 
wavaforms  vindar  a  varlaty  of 
oparating  conditions. 

Tha  zianual  ziathods  to  control  tha 
Loran-C  output  wavashapa  is  currantly 
usad  by  tha  Coast  Guard,  and  tha 
Blactronlcs  Bnginaaring  Cantar  plans 
to  raplaca  tha  manual  control  by 
cooqputar  algorlthzis  to  achiava  battar 
wavashapa  control  and  raducad 
hardwara  maintananca .  Na  hava 
davalopad  two  approachas  to 
accomplish  this:  a  gradient  based 
algorithm  and  a  multichannel 
parametric  algorithm.  Tha  zniltl- 
channel  algorithm  has  ylaldad 


a»ro  promising  results  than  tha 
gradient  algorithm  tindar  a  varlaty  of 
simulated  noisy  oparating  conditions. 
Tha  personnel  at  tha  Blactronlcs 
Bnginaaring  Cantar  ara  now  proceeding 
with  tha  work  to  test  thasa 
algor 1 them  on  actual  transmittars. 

POBLICATIOHS:  Bruckner,  O.C.  and 
Tuzzzala,  M.,  "Nonlinear,  Tima-Varylng 
Modal  of  tha  AM/PPN-42  Loran-C 
Transad.ttor, "  in  Proceedings  of  IBBB 
International  Conference  on  Circuits 
and  Systenm,  Chicago,  IL,  May  1993. 

Bruckner,  D.C.,  Tuammla,  M. ,  and 
Kzilaclk,  G.A.,  "A  Computer  Simulation 
for  Pulse  Shape  Control  of  tha 
AM/PPN-42  and  AN/FPN-44B  Loran-C 
Transmdttars, ”  in  Proceedings  of  tha 
Nild  Goose  Association  Symposium, 
Santa  Barbara,  CA,  October  1993. 

Bruckner,  D.C.  and  Tummala,  M., 
"Autoziatlc  Pulse  Shaping  with  tha 
AN/FPN-42  and  AM/FPN-44B  Loran-C 
Transmitters,"  in  Proceedings  of  tha 
Nild  Goose  Association  Symposium, 
Santa  Barbara,  CA,  October  1993. 

THESIS  DIBBCTBDt  Nood,  John  D., 
LTJG,  USCG,  "MIMO  Racursiva  Least 
Squares  Control  Algorithm  for  tha 
AN/FPM-44A  Loran-C  Transad.ttar, " 
Master's  Thesis  in  Blectrlcal 
Bnginaaring,  Septambar  1993. 

DOD  BBT  TBCHHOLOGr  ARBAx  Sensors. 

KBXNORD8:  Pola-zaro  Modaling, 
Navashapa  Control,  Loran-C 
Transmittar. 
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OBJaCTIVSt  D«v«lop  signal  procasslng 
algorlthsui  for  ths  analysis  of 
slsctroauignotic  pulaa  (BMP)  wavsfoma 
sMssursd  in  aircraft  tasting  and 
synthasis  of  tha  maasurad  wavafonsa 
to  produca  composlta  tast  signals  for 
datannining  aircraft  margin  of 
survivability.  This  is  a  thraa-yaar 
projact;  tha  work  raportad  hara 
consists  of  the  raaults  obtained 
during  tha  second  yaar  of  this 
effort. 

smsnmr:  The  Haval  Air  Warfare 

Canter  (Coda  Sy84)  conducts  BMP 
tasting  of  aircraft.  In  order  to 
iii^rova  their  BNP  tasting  techniques, 
a  sMthod  for  "bounding”  tha  stress 
waveforms  maasurad  inside  tha 
aircraft  from  a  series  of  tasts  is 
sought.  At  each  test-point  in  an 
aircraft  undar  tast,  four  to  eight 
stress  waveforms  (signals  racaivad  at 
a  tast -point  in  response  to  a 
slsnilatad  BNP  pulse)  are  siaasurad. 
These  signals  are  currently  sampled 
at  1.3  GHs  with  the  bandwidth  of 
intarast  being  from  about  10  kHz  to 
100  NHz.  Three  specific  tasks  wara 
Identified  to  moat  their  needs: 
waveform  conq>rosslon  for  efficient 
storaga,  stress  waveform  bounding 
using  tisia  series  modeling  approach, 
and  wideband  BNP  signal  analysis  to 
meat  their  near  future  bandwidth 
requirements  (10  kHz  to  200  NHz)  .  The 
first  task  has  boon  completed  during 
AY1992;  the  second  task  has  been 
coiiq>leted  during  AY1993,  and  parts  of 
the  third  task  have  bean  undertaken 
with  the  rest  to  be  finished  in 
AY1994 . 

The  autorograssivo  (AR)  modeling 


approach  has  boon  investigated  for 
synthesizing  the  bounded  waveforzM. 
In  the  first  task,  the  AH  models  have 
bean  successfully  used  for 
coapresslng  the  BNP  waveform  data; 
therefore,  we  have  continued  with  the 
AR  approach  to  generate  the  bounded 
wavaforzks  as  well.  No  have  four 
stress  wavaforsui  per  tost  point,  and 
an  AR  model  has  developed  for  each  of 
those.  The  poles  of  the  AR  models  are 
then  combined  to  synthesise  tha 
bounded  waveform  using  two  search 
techniques  based  on  vector 
quantization  and  competitive  learning 
neural  network  algorithms.  In  tha 
final  analysis  the  botmded  waveform 
produced  were  highly  satisfactory. 
Nevertheless,  the  method  is  prone  to 
yield  inconsistent  synthasis 
waveforms  when  the  energy  contents  of 
the  underlying  stress  waveforms  is 
significantly  disparate.  This 
dra^ack  led  us  to  investigate  the 
feasibility  of  wideband  signal 
analysis  techniques  for  this  work, 
which  is  currently  in  progress. 

THBSBS  DIRBCTBD:  Tse,  K.B.,  W,  BSM, 
”AR  and  ARNA  Nodallng  of  BNP  Test 
Data,"  Waster's  Thesis  in  Blectrlcal 
Bnginearing,  Narch  1993. 

BrdaBd.r,  A. ,  LTJO,  Turkish  Navy, 
"Data  Compression  Using  Wavelet 
Transform  and  Vector  Quantisation, " 
Master's  Thesis  in  Blectrlcal 
Bnginearing,  June  1993 . 

OTBBR:  Tumsiala,  M.  and  Tse,  K.B., 
"BMP  Data  Modeling  and  Compression 
using  AR  models,”  NPS  Report  under 
preparation  (sponsor  has  a  draft 
copy:  waiting  for  coassents)  . 


192 


Software  d«v«lop«d  In  Mntlab  for  JOO 
■Iganl  aanlyala  waa  dallvarad  to  Coda 
ST84,  IDdfCi  it  haa  boon  taatad  by 
thalr  paraonnal  thair  taat 

databaaa. 


DOO  XR  nCBRUOOr  juaxt  Sanaora. 
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L.J.  Zloaak,  Associate  Professor 
Department  of  Blectrlcal  and  Coaqputer  Knglneering 
Sponsor:  Naval  Sea  Systems  Comsuuid  (MAVSSA) 

PuxuUng:  NAVSEA 


OBJSCrzVB:  Continue  to  generalise, 

test,  and  evaluate  the  Recursive  Ray 
Acoustics  (RRA)  Algorithm.  The  RRA 
Algorithm  Is  a  slogple,  fast,  and 
accurate  algorithm  that  can  be  used 
to  cosqpute  the  position,  angles  of 
propagation,  travel  time,  and  path 
length  along  a  ray  path  and  to  draw 
ray  trace  plota  for  apeeda  of  aound 
that  are  functions  of  all  three 
spatial  variables.  In  addition,  the 
RRA  Algorithm  can  calculate  the 
sound-pressure  level  along  Individual 
ray  paths  for  arbitrary,  one- 
dlsMnalonal,  depth -dependent  speeds 
of  sound. 

SIBSIASrt  During  fiscal  year  1993  (FY 
93),  computer  code  was  written  to 
give  the  RRA  Algorithm  the  capability 
to  perform  soxind-pressure  level  (SPL) 
calculations  along  Individual  ray 
paths  that  are  fast,  accurate,  and 
valid  (l.a.,  finite)  at  both  turning 
points  and  focal  points  for 
arbitrary,  one -dimensional,  dapth- 
dapandent  speeds  of  soiuid.  The  SPI, 
calculations  do  not  require  the  use 
of  Airy  functions .  At  each 

computational  step  of  the  algorithm, 
both  ray  trace  and  SPL  calculations 
are  perfonaed.  Initial  testing  and 
validation  of  the  SPL  conputer  code 
was  performed.  In  addition,  the  RRA 
Algorithm  was  given  the  capability  to 
find  eigenrays. 

PTOLICATI0W8 :  Zlomelc,  L.J.  and 

Polnlcky,  P.H.,  "The  RRA  Algorithm: 
Recursive  Ray  Acoustics  for  Three- 
DlsMnslonal  Speeds  of  Sound, "  IKKR 
jQuraal  of  Oceanic  Knalneerina.  Vol. 
18,  pp.  25-30,  1993. 


Zlomelc,  L.J.,  "Sound-Pressure  Level 
Calculations  Using  the  RRA  Algorithm 
for  Depth-Dependent  Speeds  of  Sound 
Valid  at  Turning  Points  and  Focal 

Points,"  1111 — Journal _ s£ _ Oceanic 

■nqlneerlno.  accepted  for 
publication. 

CQMFKRIHCS  PEKSBRATZOmS  t  ZlosMlc, 
L.J.,  "Sound -Pres sure  Level  Calcula¬ 
tions  Using  the  RRA  Algorithm  for 
Depth -Dependent  Speeds  of  Sound  Valid 
at  Turning  Points  and  Focal  Points," 
125th  Meeting  of  the  Acoustical 
Society  of  America,  17-21  Kay  1993, 
Ottawa,  Ontario,  Canada,  Journal  of 
the  Acoustical  Society  of  America. 
Vol.  93,  Mo.  4,  Pt.  2,  p.  2425. 

Zlomelc,  L.J.,  "Sound-Pressure  Level 
Calculations  Along  Individual  Ray 
Paths  Using  the  RRA  Algorithm,  * 
International  Conference  on 
Theoretical  and  Computational 
Acoustics,  5-9  July  1993,  Mystic,  CT, 
Session  7.1  Rays  and  Beams  I  (Invited 
paper) . 

OTHBRt  I  presented  a  half-day 
tutorial  on  "Advances  in  3D  Ray 
Acoustics"  at  OCSAMS  92,  26-29 
October  1992,  Newport,  RI.  The 
annual  OCHANS  conference  is  sponsored 
by  the  IBBB  Society  of  Oceanic 
Engineering . 

DOD  KMT  TMCHNOLOCrr  ASBAt  Bnvlron- 
mental  Effects. 

KBSMORDS:  Three-dimensional  Ray 
Acoustics,  Sound-pressure  Level 
Calculations,  Uhdarwater  Acoustics, 
Uhdersea  Warfare. 
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lTZCS 


Th*  r«a««roh  prograa  of  tho  HothoMtlea  Poparf  nt  mmmkm  to  adraaeo  tho  mtmtm  of 
knowlodgo  In  tho  arooo  laportant  to  tho  Ooportaoat  of  tho  Hovy  ond  Doportaont  of 
Dofonoo,  ouch  oo  sciontifie  ond  porollol  cooiputlng,  woothor  foroeoatlagf  fluid 
flow,  orbltol  aoehonlcfl,  ond  olaulotlon  ond  aodoling. 

Tho  spool fie  rosooreh  oroos  of  our  faculty  and  thoir  studonts  oro  roportod  in 
dotoil,  including  sponsors,  lotor  in  this  book.  Output  giwon  in  tho  fora  of 
studont  thosos,  tochnicol  roports,  eonforoneo  prosontotiMis,  and  roforood  journal 
articlas . 


gCTMCT  oomputatiow 

Tho  aroa  of  sclantlfic  ecsiputation  includas  both  mnorleal  (on  sorial  and 
porollol  eosgmtors) ,  and  analytical  (syabolie)  solutions  to  a  ▼arloty  of  problasw 
of  intoroat  to  tho  Doportaont  of  tho  Navy  and  Doportaont  of  Dofonoo.  Nosoaroh 
has  boon  eonduetad  by  Profoasors  Danialson,  Nota  and  sovoral  studonts  to  dovolop 
parallol  vorsiona  of  tho  satalllto  notion  aodols  in  eurront  uso  by  NkVSPACNCOM 
and  APSPXCXCXNC.  Tho  algorlthaa  woro  tostod  on  tho  INTEL  hyporeubo.  Thoy  aro 
also  davoloplng  such  algorlthaa  to  run  on  a  clustar  of  notworkad  workstations 
running  Parallol  Virtual  Naehlna  (PVM)  softwaro. 

Profoasors  Oragg  and  Borgos  oontlnuod  thair  work  on  stablo  parallol  algorlthaa 
for  oigonproblomn  and  singular  valuo  problsas.  Professor  Oragg  is  also  working 
on  parallol  and  block  algorlthaa  for  i^dating  QRP'  factorisations. 

Profossor  Nota  eontinuod  his  work  with  Professor  E.T.  Nilllaas  of  Motoorology  on 
tho  dovolopaont  of  schosws  for  waathor  prediction  using  parallol  ecaputors. 

On  scientific,  non-parallol  cooputing,  Profossor  irsaka  continues  his  work  on 
seattorod  data  approxisation  ospoeially  with  ^plication  to  aotoorological  data. 

Professor  Borges  is  continuing  his  work  on  quasi -Oausslon  quadratures  and  their 
application  to  solving  oigoiq>roblons  on  sorial  and  parallol  ceoputors.  Ho  is 
also  working  on  tho  nuaorlcal  reconstruction  of  stochastic  difforontial 
operators . 

Professor  ig  working  with  aultigrid  and  aultilovol  awthods.  Such  aothods 
can  bo  applied  to  a  variety  of  probloas.  Ho  joins  Professor  Rasausson  to  wiy 
aultlloval  aothods  to  optlairation  and  network  flow  problssa.  Zn  addition,  ho 
is  developing  aultilovol  aothods  of  lawgo  roconstruetion  frcsi  projections. 

Professors  Canrlght  and  Bcandrott  are  continuing  their  work  on  tho  i^lieation 
of  tho  T-utrix  approach  to  analyse  an  array  of  radiating  transducors.  This  work 
is  applicable  in  Dadorsoa  Narfaro. 

Professor  Canrig^t  is  also  working  on  welding  problsas  as  applied  to  tho 
construction  of  ships  and  subMrlnas.  Professor  Danielson  is  contributing  to  tho 
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daalga  of  ahip  atrueturaa  In  hia  work  wltk  trofaaaor  Vakhroo. 

grofaaaoar  muon  ia  oontlnulag  hia  work  in  aayaptotle  aulyala.  kaynptotie 
InpauloM  havo  boon  appllad  to  problau  ia  aonllnaar  wavo  propapation  and 
■athanatioal  phyaiea. 


Vxofoaaora  Barr  and  Wair  ara  continuing  thair  work  on  oonbat  aodala  for  tha  O.B. 
kraqr  TKkDOC  Aulyaia  Cantor.  Thia  work  ia  aiaad  at  uaing  high  laral  uaauraa  of 
oonbat  offaotivanaaa  in  training  applicatioaa . 

Vrofaaaora  Mawaagar  and  Mata  ara  continuing  thair  work  on  Audio  dataetion 
algorithu,  and  andalling  of  tha  TOO-V  (Tactical  Onnannad  (toound  yahiela) . 
Brofaaaor  Mawaagar  ia  alao  working  on  andolling  tha  JAVBLIM. 

Vrofaaaora  Barr  and  Mata  ara  aditora  of  tha  apaeial  iaaua  of  Intarutional 
Journal  Mathautioal  and  Conputar  Modaling  dadioatad  to  oonbat  aodalling. 


Vrofaaaor  mdriekaan  continuaa  hia  raaaareh  in  coaanmieation  protoeola.  Tha 
work  ia  thaoratieal  at  praaant  but  haa  proniaa  for  practical  application  ia 
certain  broadcaat  connuaicatloM  acaaarioa.  Bia  work  on  cowara  ia  daBruljn 
grapha  haa  application  to  an  error  corraotioa  ayatan  for  atroan  eiphara  which  ia 
aulogoua  to  tha  block  eiphara  of  claaaieal  coding  ayatau.  fiagla  error 
eorraotlag  eodaa  in  thia  daaign  occur  idMn  certain  warticaa  in  tha  appropriate 
graph  preclude  othara  fron  appearing  in  tha  coda.  Tha  topology  of  tha  underlying 
graph  la  different  for  tha  atraan  cipher  problan. 

Vrofaaaor  golllarno  Owen  continuaa  hia  raaaareh  into  gau  theory.  Be  ia  working 
on  nultillnaar  axtanaiona  of  gaua  aa  appllad  in  aconcadca.  nanaganant  and 
political  aclancaa. 

Vrefuaor  Banaon  la  developing  a  diacrata  Vouriar  trauforn  tutorial  with 
Vrofaaaor  Brigga  of  Colorado. 
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I  miachTicm  of  oaxsi-GAPsaiAN 
fliaPBATqwi  nm  imaasgA^f  ngcaigTRffCTiifff 

OF  DIFFMMPfflAL  OPIRATOKS 


C.F.  Borg«a,  Assistant  Professor 
Departaent  of  Mathews tics 
Sponsor  and  Funding:  HSval  Postgraduate  School 


OBJBCTZVB:  Contlnuad  raaaarch  into 
a^lloatlona  of  th«  quasi -Oauaslan 
quadratura  and  nuaarleal 
raeonatruetion  of  dlffarantial 
oparatora.  Othar  goals  ineludad  tha 
furthar  davalopnant  of  tha  parallal 
tridiagonal  dlvlda  and  eonquar 
algorithm  for  solving  larga 
algaiqproblaaui . 

SnaiaXTt  work  on  applications  of 
quasi -Oausslan  quadratura  this  yaar 
has  ylaldad  momm  promising  raaults  In 
condition  astlauitlon  and  on  andlfiad 
shifting  strataglas  for  tha  QR 
algorithm  for  solving  alganproblama . 
Z  hava  bagun  initial  invastlgations 
and  hava  constructad  soma  tast  codas 
for  trying  various  schasMs  for  using 
tha  quasi -orthogonal  polynomials 
davalopad  aarllar  In  this  rasaarch 
program  In  tha  two  applications 
awntionad  abova.  Initial  rasults  ara 
proadsing  but  not  yat  concluaiva  and 
mora  ajqparismnts  ara  raqulrad  bafora 
procaadlng  with  a  suithaMtlcal 
analysis  of  tha  rasults. 

Nbrk  on  tha  nusarical  raeonatruetion 
of  stochastic  dlffarantial  operators 
has  resulted  In  tha  publication  of 
two  papers  and  tha  solicitation  of 
another  for  the  Journal  of 
|la£hSfttlcal_SystMWj_B8tlmatlon_and 
Control .  This  work  has  ganaratad 
soma  interest  aa»ng  soma  of  tha 
pramlara  rasaarchars  In  tha  field  of 
stochastic  control  and  digital  Imago 
processing.  Tha  work  did  not 
progross  as  quickly  as  hoped  since  I 
was  not  able  to  taka  a  trip  to  Italy 
to  spend  time  with  my  collaborator 
this  yaar  and  ho  was  unable  to  visit 
hare.  Wa  hope  to  spend  more  time  on 


It  during  tha  currant  yaar.  The 
focus  of  tha  algorithms  Is  being 
brought  more  into  line  with  tha 
widely  known  thaoratical  work  of 
Oalfand  and  Levitan  from  tha  early 
1960's.  Wa  hope  to  eventually  dovalop 
a  coaplato  numerical  approach  to  this 
important  problem  from  control  theory 
and  than  continue  to  extend  It  to  tha 
stochastic  case  which  should  ba  of 
considarabla  Interest  to  tha 
Department  of  tha  Navy. 

Finally,  a  substantial  effort  was 
diractad  to  tha  study  and  davalopmant 
of  the  parallal  divide  and  conquer 
algorithm  for  ganarallxad  symmetric 
aiganproblams .  This  work  has 
resulted  in  tha  publication  of  two 
papers  with  W.B.  Gragg  and  a 
conference  presentation.  This  work 
is  already  widely  known  and 
respected.  Wa  hava  bean  pursuing 
othar  aspects  of  tha  algorithm  this 
past  year  including  an  investigation 
of  methods  for  implamantlng  it  in  a 
distributed  computing  anvironmant  and 
tha  raflnaswnt  of  deflation 
techniques  that  ara  used  to  simplify 
tha  problem.  Wa  hava  several  new 
results  and  I  ballava  that  these  will 
lead  to  furthar  publications  and 
possibly  to  axtamal  funding  for  this 
rasaarch . 

FUBUCRTIOHS:  Borgas,  C.F.  and 
Frazza,  R.,  "On  Nodal  Identification 
of  Gaussian  Reciprocal  Processes  from 
tha  Xlganstructura  of  Their 
Covariances , "  in  Computation  and 
Control  III:  in  Procaadings  of  the 
Third  Bozeman  Confaranca,  J.  Lund  and 
K.  Bowars,  ads..  Progress  in  Systems 
euid  Control  Theory,  Blrkhausar, 
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pp. 63-72,  1993. 


Borg«a,  C.V.  and  Oragg,  W.B.,  "A 
Parallal  Divlda  and  Conquar  Algorittaa 
for  tha  Oanaralisad  Kaal  Syaiwtrie 
Daf Inlta  Tridiagonal  Blgai^roblaa,  ■ 

in  Wgtrifftl _ IiiBiAC _ _ gad 

Sclantlflc  Coaputina,  h.  Ralehal,  A. 
Ruttan,  and  R.S.  Varga,  ada.,  da 
Oruytar,  Barlln,  pp.  11-29,  1993. 

Borgaa,  C.R.,  "On  a  Clasa  of 
Gauaa-lika  Quadratura  Rulaa,"  to 
appaar  In  NVariachT 

Borgaa,  C.F.,  Vrasta,  R.,  and  Qragg, 
N.B.,  "SoM  Znvaraa  Biganproblana  for 
Jacobi  and  Arrow  Matricaa,"  to  appaar 

in  ■ypWPPRl _ fill _ Itu—rical _ IdagBC 

Aloabra  Applicationa . 

OCaVBRBHCR  PRSBRHXATIOn  i  Borgaa, 
C.r.,  "A  Parallal  Dlvida  and  Conquar 
Algorltha  for  tha  Oanaralisad  Raal 
Syasaatrie  Dafinita  Tridiagonal 
Rlganproblaa, "  Third  SIAM  Confaranca 
on  Linaar  Algabra,  Signala,  Byatana, 
and  Control,  Onivaraity  of 
Waahington,  Saattla,  19  Auguat  1993. 

OTHBR:  Borgaa,  C.P.,  "MUmarlcal 
Dataradnatlon  of  Trlatiaulua  Valuaa," 


aubadttad  to  Jgaraal _ of  Optical 

Sociatv  of _ teirifita  (undar 

ravialon) . 

Borgaa,  C.P.  and  Prassa,  R.,  "On 
Modal  Zdanti float ion  of  Oauaaiaa 
Raeiproeal  Prooaaaaa  froai  tha 
Biganatructura  of  thalr  Cowarianeaa,  ■ 

_ fii _ inrhiBiriTTBl  ffritii 

Batiakation  and  Control,  (undar 
raviaion) . 

Tha  invaatlgator  la  praparing  tha 
Color  Toolbox,  a  aat  of  Matlab 
prograaa  and  data  aata  for  uaa  in  tha 
atudy  of  human  color  pareaptlM  and 
for  applications  of  color  in 
aclantific  vlaualisatioa  and  inaga 
proeaaaing.  Tha  inraatlgator  la  alao 
continuing  tha  dawalopaant  of 
parallal  aoftwarc  for  aolving 
aiganproblaaui  ualng  tha  dlwida  and 
conquar  algorithm. 

DOO  KR  TRIBRlf/Wr  ARBAi  Othar. 

RRMORDBi  Invaraa  Problaam,  Color 
Parcaption,  Bigaiqtroblaaui,  Raoiprooal 
Stochaatic  Prooaaaaa. 
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AHMiTSlS  OF  THKmOCAPTT.TAyr  roMVBCnOW  III  ngf-nnw 
D.R.  Canright,  Aasociat*  Profaasor 
Dapartaant  of  Mathaaatlca 
SpoKiaor  asd  Funding:  Offica  of  Haval  Raaaarch 


OBJRCTXVB:  Th«  goal  of  this  projact 
la  to  datazalna  tha  scaling  and 
atructura  of  tha  "cold-eornar 
alngularity"  in  thaxaocaplllary  flow 
in  wald  pools.  This  la  a  continuing 
projact. 

ffOMHUETt  Racant  work  in  aodaling 
tharaocaplllary  convection  in 
■atarlala  procaaslng,  for  axaaqpla  in 
tha  pool  of  liquid  BMtal  formed 
during  waldlng,  shows  a  region  of 
rapid  flow  and  intense  heat  transfer, 
concentrated  in  the  "cold  comer" 
region.  A  theoretical  understanding 
of  this  region,  currently  lacking,  is 
asaantlal  for  accurate  numerical 
models.  The  objective  of  this  study 
is  to  analyse  the  coupled  thermal  and 
flow  fields  in  this  Important  region, 
including  the  dependence  on  the 
governing  parameters.  The  results 
should  be  useful  in  developing  more 
complete  numerical  siodels  of  the 
welding  process,  to  understand  how  to 
make  welds  more  reliable. 

In  1993,  the  awdal  problem  was 
simulated  nuaarlcally  using  two 
different  methods.  The  numerical 
results  from  a  large  number  of 
computations  over  a  variety  of 
parasMter  pairs  were  coB^ared  with 
the  scaling  analysis  previously 
developed.  These  results  validated 
the  asymptotic  behaviors  predicted  by 
the  scaling  for  the  four  asyoqptotlc 
regimes,  and  also  showed  tha  details 


of  the  transitions  between  regimes. 
One  surprising  result  is  that  no 
thermal  boundary  layer  was  formed, 
oven  for  very  vigorous  convection. 

POBUCRTIOa:  Canright,  D.,  "Analysis 
of  Thermocaplllary  Convection  in 
Welding, "  WPS  Technical  Report 
NPS-llA-93-011,  March  1993. 

COMRRSMCB  PRS8SMIATX(Mlt  Canright, 
D.,  "Thermocaplllary  Convection  Hear 
a  Cold  Wall,"  45th  Annual  Meeting  of 
tha  Division  of  Fluid  Dynaad.cs  of  the 
American  Physical  Society, 
Tallahassee,  FL,  22-24  Hovember  1992. 
(Abstract  published  in  Bulletin  of 
the  American  Physical  Society  37,  Ho. 
10  (1992):  1785-1785.) 

TKHSIS  DXRBCXHD:  Huber,  Michael,  "An 
Investigation  of  Low  Marangonl  Hua8>er 
Fluid  Flow  in  a  Cold  Corner, " 
Master's  Thesis  in  Applied 
Mathematics,  June  1993. 

emUR:  Two  journal  articles  were 

prepared:  one  will  appear  in  Physics 
of  Fluids:  the  other  (with  M.  Buber) 
is  submitted  to  Journal  of  Heat 
Transfer. 

D(H>  KHT  THCHHOLOOr  ARMA:  Materials 
and  Processes. 

KBTWOROS :  Thermocaplllary, 

Solidification,  Welding,  Crystal 
Growth,  Convection,  Marangonl. 
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WMSBUM  ffTR¥ggl8 
MSI  mKt 


D.A.  Danlalson,  Profmmmor 
F.  Fakhroo,  Vial ting  Aaaiataat  Profaasor 
Dapartmant  of  MathaaMtica 

Sponaor  and  Funding:  David  Taylor  MAval  Ship  K&D  Cantar 


OBJSCnvS:  Improv*  structural  design 
of  ships. 

ataannT;  The  goal  of  this  «rork  is  to 
obtain  tha  maxiimm  atrassas  in 
rectangular  plates  subjected  to  axial 
load  and  lateral  pressure.  The 
stresses  will  be  calculated  using  a 
conputar  code  developed  by  Professor 
Charles  Steele  and  bis  colleagues  at 
Stanford  Xlnlvarsity.  Iiqplications 
will  be  make  for  the  current  Navy 
design  for  ship  plating. 

POBUCbTIONS:  Danielson,  D.A., 

Cricelli,  A.S.,  Franxen,  C.L.,  and 
Vasudevan,  H.,  "Buckling  of 


Stiffened  Plates  Under  Axial 
Coapreasion  and  Lateral  Pressure, " 
International  Journal  of  Solid 
structures,  Vol.  30,  No.  4,  pp.  545- 
551,  1993. 

Hodges,  D.H.,  Atilgan,  A.R.,  and 
Danielson,  D.A.,  "A  geometrically 
Nonlinear  Theory  of  Hlastie  Plates," 
Journal  of  Applied  Mechanics.  Vol. 
€0,  pp.  109-116,  March  1993. 

DOO  KR  TMCBMOLOOr  AUAt  Cosiputsrs, 
Other. 

XsnOHDS:  Plates,  Stresses,  Ship 
Structures . 


NATDllM.  FRBQUKMCIKS  OF  VIBRATIWa  BEMM8 
D.A.  Danielson,  Professor 
Department  of  Mathematics 
D.  Brown,  Research  Assistant  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJHCTIVM:  Develop  formulas  for 
prediction  elastic  module  of 
hydrophone  materials. 

SUMMART:  Literature  on  the  dynamic 
resonance  method  for  measuring  tha 
elastic  module  of  solids  was 
roviewad.  Formulas  ware  extended  to 
correct  for  the  added  mass  and 
stiffness  of  the  wires  used  in 
experiments  being  conducted  at  the 
Naval  Postgraduate  School  Acoustics 
Laboratory . 


OTHKR:  The  investigators  and  LT  Mick 
Maissel  are  preparing  a  paper  for 
submission  to  the  Journal  of  the 

Agg-UBfeiPRl _ gg.s4t^Y _ of  Aiaerica. 

completion  e:9ected  in  1994. 

DO)  KR  TMCHMDLOOT  ARMAi  Materials 
and  Processes ,  Other . 

KKTMORDS:  Acoustics,  Hydrophones, 

Beaam. 
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nanTT  PBrnTmoH  QH  PJOU^LLBL  COMPUTKRS 
D.A.  Danlalson,  Professor 
B.  lfets«  Professor 
Depart eent  of  Mstheeitlcs 

Sponsor  and  Funding;  HAVSPACXCOM  (formerly  HAVBPASDB) 


OBJSCrXVB:  To  Invostigat*  tha 
faaalbllity  of  using  parallal 
eoeputara  to  affielantly  pradlct 
orblta  of  objacta  and  to  davalop 
parallal  varslona  for  aueh  pradletlon 
eodala.  To  docunant  and  ii^rova  tha 
orbit  pradiction  via  Samianalytie 
Satallita  Thaory. 

SOSIttKr:  Parallal  varaions  of  PPT3, 
tha  analytic  orbit  propagator 
currantly  in  uaa  by  MXVSPASnR  (now 
NAVSPACBCOK)  wara  davalopad  and 
taatad.  A  parallal  varalona  of  SOP 
and  S0P4/SDP4  (in  uaa  by  USSPACBCOM) 
wara  davalopad  and  taatad.  Tha  abova 
■odala  wara  alao  running  on  a  natwork 
of  workatatlona  using  PVM  (Parallal 
Virtual  Machlna,  Softwara  davalopad 
by  Oak  Ridga  Rational  Lab)  . 
Saadanalytic  satallita  thaory  was 
doeuaantad  to  facilitata 
parallallsatlon  in  tha  futura.  Wa 
ara  also  tasting  a  varslon  of  tha 
coda  on  a  unlx  workstation  to  coiq>ara 
tha  accuracy  and  timing. 

PUBUCATIOSS ;  Phipps,  W.B.,  Neta, 
B.,  and  Danialson,  D.A., 
"Parallallsatlon  of  tha  Naval  Spaca 
Survalllanca  Satallita  Motion  Modal,  " 
Journal  of  Astronautical  Sciancas. 
Vol.  41  pp.  207-216,  1993. 

Phipps,  W.B.,  Hata,  B.,  and 
Danialson,  D.A.,  "Parallalizatlon  of 
tha  Naval  Spaca  Survalllanca 
Satallita  Motion  Modal,"  in 
Procaadlngs  of  tha  1993  Spaca 
Survalllanca  Workshop,  M.I.T.  Lincoln 
Lab,  Laxlngton,  MA,  30  March  -1  J^rll 
1993,  R.W.  Millar,  R.  Srldharan, 
Bds.,  Vol.  2,  pp.  71-79,  1993. 


Mata,  B.,  "Parallal  Solution  of 
Initial  Valua  Problas, "  in 
Procaadlngs  of  tha  Fourth 
Intarnational  Colloquium  on 
Diffarantial  Equations,  Plovdiv, 
Bulgaria,  18-23  August  1993. 

Danialson,  D.A.,  "Snianalytic 
Satallita  Thaory:  Mathamatical 
Algorithms,"  in  Procaadlngs  of  1993 
Spaca  Survalllanca  Workshop,  M.I.T. 
Lincoln  Lab,  Laxlngton,  MA,  30  March 
-1  April,  Vol.  2,  pp.  61-70,  1993. 

Danialson,  D.A.,  "Sasdanalytic 
Satallita  Thaory:  Sacond  Ordar 
Expansions  in  tha  trua  Longituda  L, " 
in  Procaading  of  tha  AAS/AIAA 
Astrodynamlcs  Confaranca,  Victoria, 
BC,  AAS  93-720,  16-19  August  1993. 

COMFEREMCB  PRBSBMXATZOMB :  Danialson, 
D.A.  and  Mata,  B.,  "Orbit  Datandna- 
tion  on  Parallal  Cooputars,"  Spaca 
Systams  AB3815,  NPS,  12  Octobar  1993. 

Mata,  B.,  "Parallal  ODE  Solvars," 
Numerisk  Instltut,  Danmarks  Taknisk 
Hojskola,  Lyngby,  Danmark,  10  August 
1993. 

Nata,  B.,  "Parallal  Solution  of 
Initial  Valua  Problam, "  in 
Procaadlngs  of  tha  Fourth 
Intarnational  Colloquium  on 
Diffarantial  Equations,  Plovdiv, 
Bulgaria,  18-23  August  1993. 

Nata,  B.,  "Orbit  Pradiction  on 
Parallal  Conputars  (MIMD  Machinas  and 
PVM) , "  Parallal  Procassing  Forum, 
Phillips  Lab. /VTA,  Klrtland  AFB,  MM, 
8  Docainbor  1993 . 
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Danl«lsoii,  D.A.,  ■Sud.analytlc 

Satalllt*  Thaory:  Mathouitlcal 

Algorlttaaa,*  1993  Spac*  Survaillanca 
Norkahop,  M.I.T.  Lincoln  Lab, 

Laxlngton,  MA,  1  J^ril  1993. 

Oanlalaon,  O.A.,  "Saaianalytic 

Satallita  Thaory:  Sacond  Ordar 

Biqpanaiona  in  tha  trua  Longifcuda  L,” 

AAS/AXAA  Aatrodynaaica  Confaranca, 
Victoria,  BC,  17  August  1993. 

Danialson,  D.A.,  "Saaianalytic 

Satallita  Thaory:  Mathaaatical 

Algorithaui,  ■  Stanford  Xlhivorsity 
aaainar,  Palo  Alto,  CA,  14  Octobar 
1993. 

TWBHK8  DISaCTIDi  Oatrom,  Sara,  LT, 
USN,  "Parallalixation  of  tha  Air 
Forca  Spaea  CooBnand  Satallita  Modal.” 
March  93. 

Dyar,  Naltar,  Major,  USMC, 
"CoBparison  of  Orbit  Propagators  in 
tha  Rasaarch  and  Oavalopnant  Goddard 
Trajactory  Datarmination  Systaa 
(R  a  D  OTDS),*  Saptasibar  1993. 


Brawar,  Susan,  LT,  08H,  "Air  Foroa 
Spaca  CriBiBiid  Satallita  Orbit 
Pradictor  Using  Parallal  Virtual 
Machinas,"  Dacaabar  1993. 

Stona,  Laon,  LT,  U8M,  "Parallal 
Procassing  of  Mavy  Spacific 
Applications  Using  a  Workstation 
Clustar,  "  Dacobar  1993. 

OIHBR:  Tha  invastigators  ara 
praparing  a  book-langth  doctwant  of 
tha  aathaaatical  algorithaa  of 
Saaianalytic  Satallita  Thaory. 
Coaplation  axpactad  in  1994. 

DOD  XXT  TKMMOliOGT  ARSA: 

Conputars ,  Othar . 

XKTMORDS:  Orbit  Pradiction,  Parallal 
Solution,  Saaianalytic  Satallita 
Thaory,  Parallal  Virtual  Machinas. 
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APPROXHOITIQH  OF  SURFACES  FROM  SCATTCTKD  DXTA 
R.  Franks,  Chalman  and  Professor 
Departaaant  of  Matheaatics 
Sponsor  and  Funding;  None 


OBJacnvS:  Th«  goal  of  this  pro j act 
is  to  Invastlgata  the  usa  of  radial 
basis  functions  to  approximate 
surfaces  from  scattered  data.  The 
data  presumably  is  derived  from 
measurements  with  error,  and  are 
sufficiently  numerous  that  a  good 
approximation  can  bo  obtained  with 
many  fewer  basis  functions  than  there 
are  data  points. 

SIMIhRTx  The  basis  functions  chosen 
are  multiquadric  functions,  with  the 
approxiaiation  being  a  linear 
combination  of  multiquadrics  at 
scattered  nodes  (called  knots,  here) 
plus  a  constant  term.  The 
coefficients  in  the  approximation  are 
determined  by  mlnioilzlng  the  aim  of 
the  squares  of  the  errors  at  the  data 
points.  The  coefficients  are 
constrained  so  that  constant 
precision  is  assured.  Three 
algorithms  were  developed:  (1)  A 
greedy  algorithm  that  used  a  given 
constant  value  for  the  multiquadric 
parameter  and  a  subset  of  the  data 
points  as  knots;  (2)  A  variable  knot, 
variable  multiquadric  parameter 
algorithm  with  those  parameters  being 
determined  by  nonlinear  optimization; 
and  (3)  A  version  of  (2)  where  the 
multlquadric  parameter  is  allowed  to 
be  different  at  different  knots. 


While  the  greed  algorithm  is 
relatively  fast,  (2)  results  in 
approxiamtions  with  error  results  in 
approxiziations  with  error  reduced  by 
a  factor  of  (3)  results  in  another 
reduction  in  error  by  a  factor  of  3 
to  10  more. 

PDBLICATIOHt  Franke,  R. ,  Hagen,  H., 
and  Hialson,  O.M. ,  "Least  Squares 
Surface  Approxiaiation  to  Scattered 
Data  Using  Multlquadric  Functions," 
NFS  Technical  Report  NPS-MA-93-008, 
(revised  version  to  appear  in 
Advances  in  Computational 
Mathematics) . 

COHFHRKMCR  PRISIMXATiaMS :  Franks, 
R.,  "Lease  Squares  Surface 
Approxiauition  Using  Multlquadric 
Functions,"  Topics  in  (lk(3D  '93,. 
Wolfenbuettel,  Oemany,  June  1993. 

Franke,  R.,  "Least  Squares  Surface 
i^proximation  Using  Multlquadric 
Functions, "  Oeoaiotric  Modelling, 
Dagstuhl  Seaiinars,  Schloss  Dagstul, 
Germany,  July  1993 . 

DOD  KHT  TSCHHOLOGT  ARHA:  Other. 

XXIWORDS:  Scattered  Data,  Surfaces, 
Multiquadrics,  Least  Squares, 
Variable  Knots. 
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COUMTING  SHIFT  RKGISTKR  CYCLES 
H.  Predrlcksen,  Professor 
Department  of  Mathematics 
Sponsor  and  Funding:  Unfunded 


OBJBCTXVB:  To  determine  the  number 
o£  shift  register  factors  that 
produce  one  cycle  which  contains  all 
of  the  binary  n- tuples  of  weight  t  or 

less. 

SCnOBURT:  Vfe  decon^osed  all  of  the 
binary  n- tuples  into  cycles  of 
vectors  all  of  the  same  density/ 
weight  by  the  pure  cycling  algorithm. 
We  then  modified  the  shift  register 
feedback  function  to  join  the  cycles 
of  weight  s  t  together.  The  BEST 
theorem  was  then  employed  to  count 
the  number  of  ways  in  which  this  can 


be  done. 

PTlBI.ICaTI<»S:  Fredricksen,  H.,  "The 
Nximber  of  Mon-linear  Shift  Registers 
that  Produce  all  Vectors  of  Weight  c 
t",  IBBB  Transactions  on  Information 
Theory,  Mov  1993 . 

OOD  KRT  TRCHMDLOOr  RRSh:  Computers. 

KXZWORDS:  BEST  Theorem,  Binary 
Sequence,  deBruijn  Graph,  Cycle 
Joining,  Shift  Registers,  Spanning 
Tree,  Truth  Table. 


CCamiNG  SEQUENCES  FOR  THE  DE  BRUIJlf  PROPERTY 
H.  Fredrickaen,  Professor 
Department  of  Mathematics 
Sponsor  and  Funding:  Unfunded 


OBJECT! VB:  To  generalize  the  notion 
of  deBruijn  sequences.  Continues  as 
a  DFR  project. 

SUMMRRT:  While  deBruijn  sequences 
have  many  applications  it  has  been 
verified  that  additional  sequences 
could  be  produced  if  the  n  bits  of 
interest  need  not  be  consecutive. 
Some  sequences  have  been  found  with 
this  new  property.  When  the  combs 
used  have  only  one  stretch  of 
contiguous  bits  of  length  bigger  thu 
one,  we  have  shown  that  the  sequences 


follow  a  new  deBruijn  graph.  We  have 
found  properties  of  these  sequences 
that  may  have  great  cryptographic 
significance . 

TBBSIS  DZRRCTSD:  (Ph.D.  Student  is 
being  directed  on  this  topic) . 

DOD  KBT  TBCHVOLOOT  ARBAt 
Communications  Networking. 

XBXWORDS:  deBruijn  Sequences,  Shift 
and  Add  Property,  Values,  deBruijn 
Graph . 
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DlUMflMG  DEBRUUM  GRAPHS 
H.  Fredrlcksen,  Professor 
Departaent  of  Matheaatics 
Sponsor  and  Funding:  Dkifunded 


OBJSCrxVB:  Th«  daBruljn  graph  of 

apan  largar  than  5/6  la  axtraaialy 
unwlaldy  to  draw.  For  thla  reaaon, 
it  ia  difficult  to  datanalna  tha 
propartlaa  of  tha  graph,  auch  aa  tha 
cycla  atructura.  Radrawing  tha  graph 
hopafully  will  anabla  ua  to  battar 
undaratand  it' a  propartlaa. 
(contlnuaa  -  unfxmdad) 

snsoutT:  Savaral  diffarant 

approachaa  to  conflgura  tha  vartlcaa 
of  tha  daBruijn  graph  in  diffarant 
waya  hava  baan  eon^latad.  Tha 
applicatlona  to  mora  afflciant 
layouta  of  clrcuita  In  ailicon  haa 
baan  atudlad  and  inprovemanta  ara 
balng  aought. 


FOBLIcakTIcm:  Fradrlckaan,  B.,  "A 

Maw  Look  at  tha  daBruijn  Graph, " 
Dlacrata  Apnllad  Math.  Vol .  37 , 

No. 38,  pp.  193-203,  1992. 

TBBSIS  DISBCIBD:  Thaala  atudant 

antlclpatad. 

OTHBR:  Anothar  papar  in  prograaa  on 
thla  topic. 

DOD  KBT  TBCHBOLOOT  ABBA: 
Commmlcatlona  Matworking. 

XBmOBDS:  DaBruijn  Graph,  Cycla 

Adjacancy  Array,  Dacycling  Sata. 
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WOMLHiKAR  MODI  COUPLING  DT  TREE  wr.mr-ntrK 
C.L.  Frensan,  Asaoeiata  Profassor 
Dapartaant  of  Mafhwtlca 
Sponaor  and  Funding:  Haval  Poatgraduata  School 


OBJacrrVBt  Th«  goal  of  this  project 
waa  to  davalop  a  two  aoda  awdal  of 
tha  optical  flald  In  a  fraa  alactron 
laser  in  which  the  optical  nodas  ara 
coupled  by  tha  fraa  electrons  in  tha 
laser. 

8IMIAKT:  Tha  optical  flald  in  a  fraa 
alactron  laser  can  somatiaas  davalop 
sidebands  and  exhibit  vary  coaplax 
behavior.  A  two  optical  node  nodal 
of  tha  optical  flald  in  a  fraa 
alactron  laser  is  developed.  In  this 
nodal  tha  optical  nodas  ara  coupled 
by  tha  fraa  alactrons  in  tha  laser. 
Tha  aquations  of  notion  ara 
fomulatad  as  a  first  order  systan  of 
ordinary  differential  aquations  with 


slowly  varying  coaf ficlants.  Tha 
derivation  involves  nondistan- 
slonalisatlon  of  tha  problan  and 
isolation  of  appropriate  tine  scales. 
A  ragina  of  particular  interest  is 
that  of  sustained  resonance  in  tha 
two-node  nodal.  Tha  nodal  can  be 
used  to  study  tha  long  tisM  stability 
of  tha  optical  wave. 

POBUCATXaMt  Fransan,  C.tt., 
"Monlinaar  Mode  Coupling  in  Fraa 
Klactron  Lasers,"  UPS  Technical 
Report  HPS-llA-93-012,  March  1993. 

1X»  KMT  TBCSMOLOGT  AIBAt  Other. 

ERWORDS:  Fraa  Blactron  Laser. 
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W.B.  Or«gg«  ProfMsor 
C.F.  BorgM,  Jkaslstant  ProfMsor 
Dcpartaant  of  M«th—tic» 
Sponsor  and  Funding:  STB  Eusrich 


OBJaCTXVSt  To  produco  and  analyio 
high  <2uality  parallol  nuMrleal 
softwara  for  raal  ayaaMtrie 
trldlagonal  alganproblaaa  and 
bldlagonal  aingular  valua  problaaa, 
baaad  on  idaaa  of  Gragg,  Thornton  and 
Wamar.  To  undaratand  tha 

dlf  f Icultias  of  obtaining  numarically 
orthogonal  aiganvaetors  and  to 
eonatruet  provabla  rigoroua  codaa  for 
aolving  thaaa  problaaw.  To  iaplaaMnt 
tha  algorithna  on  diatributad 
natworka  of  work  atationa. 

snsnunr:  Gragg  aarliar  davalopad 

matlab  codaa  for  tha  tridiagonal 
problaa  baaad  on  tha  GTN  variant  of 
tha  algorithm  of  Cuppan,  Dongarra, 
Soranaan  and  Tang.  During  tha  1992 
fiaeal  yaar  ha  aubatantially  inprovad 
an  arror  analyaia  of  tha  elaaaical 
algorithm  by  Barlow.  Ha  alao  laamad 
of  a  achama  of  Gu  and  Biaanatat,  of 
Tala,  for  atabiliaing  tha  elaaaical 
algorithm,  adapted  it  to  tha  OTW 
achaHM,  and  andifiad  hia  matlab 
codaa.  Wa  now  obtain  provable 
nuMrically  orthonorauil  aiganvaetora 
in  working  praciaion.  Thua  wa  can 
handle  gigantic  problama  aafaly. 
After  Gragg' a  return  to  Montaray, 
during  tha  currant  fiaeal  yaar,  thia 
work  waa  written  up  and  publiahad 
with  Borgaa .  Thia  ia  tha  f  irat 

publiahad  paper  idtich  ahowa  that 
divide  and  conquer  algoritbma  for 
aiganproblama,  decidedly  nontrivial 
computational  problama,  are 
rigoroualy  faaaibla  for  parallel 
ecavutation.  Borgaa  ia  adapting  the 
matlab  codaa  to  run  on  diatributad 
natworka  of  work  atationa,  not  an 
aaay  taak  due  to  tha  Intrlcaeiaa  of 
tha  algorithm.  However,  tha 


Gu-Biaanatat  approach  makaa  tha 
algorithm  "laaa  parallel.”  Wa  faal 
that  tha  ultimata  coda  of  thia  typo 
will  avoid  it  in  favor  of  tha 
Soranaan-Tang  approach  uaing  aap 
(aimulatod  extended  praciaion) 
arithmatic.  During  tha  1993  fiaeal 
yaar  Gragg  eomplatod  hia  matlab  codaa 
for  aap  arithmetic  by  building  an 
algorithm  to  do  addition  of  double 
length  numbara  alwaya  with  high 
relative  praciaion.  Thaaa  codaa  need 
to  ba  "maxed".  They  will  than  be  of 
good  uaa  to  tha  aelantifle  community, 
aa  matlab  currently  haa  no  affleiant 
way  to  monitor  tha  propagation  of 
rounding  arrora .  Borgaa  and  a 
graduate  atudant  are  working  on  thia 
taak. 

BDBUCaunOSB:  Gragg,  W.B.  and 

Dammal,  J.W.,  "On  Computing  Accurate 
Singular  Valuaa  and  Blganvaluaa  of 
Natricaa  with  Acyclic  Grapha, "  Linear 
Algebra  and  ita  Applicationa.  Vol. 
185,  pp.  203-218,  1993. 

Gragg,  W.B.  and  Borg«  ,  C.F.,  "A 

Parallel  Divide  and  Conquer  Algorithm 
for  the  Generali  sad  Raal  Symmetric 
Definite  Blgenproblam, "  in 

yafiBE _ Algebra _ gad _ Scientific 

Computing.  L.  Raiehal,  A.  Ruttan  and 
R.S.  Varga,  ada.,  da  Gruytar,  Berlin, 
pp.  10-28,  1993. 

W.B.,  "A  Parallel  Divide  and  Conquar 
Algorithm  for  tha  Ganeraliaad  Raal 
Syaarntrlc  Definite  Tridiagonal 
Blgenproblam, "  Navy  Raaaaroh  and 
Davalopawnt  Confaranea,  NRaO,  San 
Diego,  CA,  14  April  1993. 
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Gragg,  W.B.  and  Borgas,  C.W.,  "A 
Parallal  Dlvida  and  Conquar  Algoritha 
for  tha  Ganarallsad  Raal  Syanatrle 
Daf inita  Tridiagonal  Biganproblan, " 
invitad,  882nd  Maating  of  tha 
Aaarican  Mathaaatical  Sociaty, 
Mortham  Illinois  Uni varsity,  DaXalb, 
Illinois,  24  May  1993. 

OTHIR:  Gragg,  N.B.,  Borgas,  C.P., 

and  Frassa,  R.,  "Sosia  Invarsa 
Biganproblaaw  for  Jacobi  and  Arrow 
Matricas,"  Journal  of 
liinaar  Aloabra  and  Applications. 
forthcoBd.ng. 

Gragg,  N.B.  and  Borgas,  C.F., 
"Dlvida  and  Conquar  for  Ganarallsad 
Raal  SyoBatrlc  Dafinlta  Tridiagonal 
Biganproblams, "  in  Procaadlnga  of  tha 
Shanghai  Intamational  Confaranca  on 
NuBMrlcal  Linaar  Algabra  and  J4>plica- 
tlona,  Shanghai,  Octobar  1992, 
forthcoming . 

Gragg,  N.B.,  "Dlvida  and  Conquar 
Algorithms  for  Structurad  Biganvalua 


Problams,"  Dapartmant  of 
Mathamatlcal  Sciancas,  Simon  Frasar 
Ohivarsity,  Vancouvar,  Canada,  22 
J^pril  1993. 

Gragg,  W.B.,  "A  Parallal  Dlvida  and 
Conquar  Algorithm  for  tha  Ganarallsad 
Raal  Syamatric  Daflnita  Tridiagonal 
Biganproblam, "  Dapartmant  of 
Computar  Scianca,  Dhl varsity  of  Utah, 
Salt  Laka  City,  20  May  1993. 

Gragg,  N.B.,  "Dlvida  and  Conquar 
Algorithms  for  Structurad  Biganvalua 
Problams,"  Dapartmant  of 
Mathasmtics,  Uni  varsity  of  Braman, 
Garmany,  24  August  1993. 

DOO  BBT  TMCHMDTdOOT  ARBAt  Othar. 

XBYMORDS:  Dlstributad  Computing, 
Hannltian  Biganproblams,  Singular 
Valua  Problams. 
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W.B.  Or^ig,  Professor 
DepartsMUit  o£  Mstheastics 
Sponsor  and  Funding:  Mbna 


OBJacrzVB:  To  piursua  tho  algorlthale 
■tructuro  inhoront  in  such  apoelal 
■atrleaa,  and  tha  connactlona  batwaan 
tham,  in  ordar  to  obtain  nuatarically 
atabla  and  faat  algorlthna  for 
applications  involving  than.  To 
ralata  than  with  spaclal  dynamical 
systams  and  to  pursua  tha  analogias 
batwaan  tham  and  tha  ralatad  claaaas 
of  Hankal  and  raal  synmatric 
tridiagonal  matrlcaa. 

SOSIhXr:  My  first  papar  on  this  araa 
was  publlshad,  in  Russian,  in  1982. 
Tha  English  varsion  has  baan 
clrculatad  privataly  and,  togathar 
with  othar  work  by  Asaar,  Gragg  and 
Ralchal  (AOR) ,  has  stlnulatad 
intarast  in  this  araa.  It  was 
raguastad  that  tha  English  varsion  ba 
publishad  and  this  occurrad  in  1993. 
Flva  furthar  papars  wara  also 
publishad  and  two  talks  wara  glvan. 
Thara  ara  formal  connactlona  among 
thasa  araas  and  tha  KdV  and  modlflad 
KdV  PDEs.  Thasa  ara  basic  for 
Invaraa  scattering.  Thasa 
connections  need  to  ba  developed  in 
norm  detail  as  they  seam  to  imply 
that  certain  "big"  rasults  about  tha 
connections  batwaan  tha  two  PDEs 
follow  from  vary  classical  rasults  on 
orthogonal  polynosdals .  Tha 
algorithms  of  this  area  need  to  ba 
dlssasdnatad  to  anginaars,  who  ara 
currently  using  much  lass  attractive 
schemas .  Based  on  a  four  page 
procaadlngs  papar  by  AGR  in  1986 
Angelika  Bunsa-Oarstnar  of  Bremen  and 
her  studants  and  collaborators  have 
taken  tha  unitary  Hassanbarg 
algansolutlons  furthar.  In  fact  she 
was  recently  invitad  to  become  a 
BModbar  of  tha  organizing  comBd.ttaa  of 
tha  prestigious  Householder  Syiq?osia 


on  MOmarlcal  Llnaar  Algebra  primarily 
on  tha  basis  of  this  work.  Tha 
alganvaluas  provide  "directions  of 
arrival."  Mora  work  needs  to  ba  dona 
on  tha  numerical  stability.  Me 
recently  showed  (uiq>ubllshad)  that 
tha  eigenvalues  ara  Insansltlva  to 
changes  in  tha  data,  a  certain 
encoding  of  tha  Schur  parameters.  Me 
must  now  organise  the  algorithms  so 
they  reflect  this  inherent  stability 
of  tha  problem.  This  no  one  has 
done,  and  it  is  tha  most  important 
practical  problami 

POBLICATlOMSt  Gragg,  W.B.,  Ammar, 
G.8.,  and  Raichal,  L.,  "Downdating  of 
Ssago  PolynQad.als  and  Data  Fitting 
Algorithms,"  Linear  Algebra  and  its 
Applications.  Vol.  172,  pp.  315-336, 
1992. 

Gragg,  W.B.,  Aiimiar,  O.S.,  and 
Raichal,  L.,  "An  Analogue  for  Ssago 
Polynomials  of  tha  Clanshaw 
Algorithm,"  Journal  of  Computational 
and  Appli<r<|  Vol.  46,  pp. 
211-216,  1993. 

Gragg,  W.B.,  "Posltiva  Daflnita 
Toaplltz  Matrices,  tha  Arnold! 
Process  for  Isostatric  Operators,  and 
Gaussian  Quadrature  on  tha  Uhlt 
Circle,"  Journal  of  Computational 
and  Applied  Mathasmtics.  Vol.  46,  pp. 
183-198,  1993. 

Gragg,  W.B.,  Faybusovich,  L.,  and 
Ammar,  G.S.,  "Inverse  Problesw  for 
Orthogonal  Matrices,  Toda  Flows,  and 
Signal  Processing, "  in  Procaadlngs  of 
the  31st  Confaranca  on  Daclslon  and 
Control,  IBEE,  Maw  York,  pp.  1488- 
1493,  1992. 
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Ormgg,  W.B.,  Mmmmr,  0.8. ,  and 
Balehal,  L.,  "Diraet  and  Xnvaraa 
Otaltary  liganproblaaui  in  Signal 
Proeaaaiagt  *a  Ovarvlair, "  ia 

AlatfcM  toy _ Lnraa  Seala  and  Raal 

^"»»n.cationa.  M.8.  Noonan,  O.H. 
Oolub  and  B.L.R.  Da  Noor,  Bda.  MBTO 
ASX  Sarlas  B,  VoIum  232.  Kluwar 
Aeadaad.e  Bubllsbara.  Dordracht.  Tha 
Natharlands.  pp.  341-343,  1993. 

W.B.,  Aanar,  0.8. ,  and  Faybuaovieh, 
Zi.,  "Invarao  Problaaa  for  Orthogonal 
Natrioas,  Toda  Plowa,  and  Signal 
Proeaaaing, "  31at  IBBB  Conf aranea  on 
Oaeiaion  and  Control,  Tueaon, 
Ariaona,  17  Oaeanbar  1992. 


■Sehur  Plowa  for  Orthogonal  Baaaan 
barg  Hatrieaa,”  in  Proeaadinga  of 
Pialda  Znatituta  Nerkabop  on 
Baniltonian  and  Oradiant  Plows, 
AlgorithaM,  and  Control.  Watarloo, 
Canada,  March  1992,  fortheoning. 

Oragg,  W.B.,  ”00100  Around  on 

Cirelas,  ■  Dapartnant  of  Matbaanties, 
Ohlwaraity  of  Branan,  Oamany,  2C 
August  1993. 

OOD  MET  nCaniLOOP  ABBAi  Othar. 

BBSBOBDBt  Toapllts  Matrioaa,  Signal 
Procasslng. 


OOBBt  Oragg,  W.B.  and  Annar,  0.8. , 
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mm^TTMO  qbp* 

N.B.  Gragg,  Profmmmor 
J.R.  Ttaomton,  Aaal^tant  Profaaaor 


Dapartaant  of  llatlMaatiea 
Sponaori  Offlea  of  Haval  Raaaaroh 
Fundiagt  Naval  Poatgraduata  School 


OajacrzVBt  To  eroat*  high  quality 
parallal  softwara  Cor  updating  and 
downdating  QRP'  faetorlaatlona,  which 
can  ba  usad  for  solving  problaas  of 
raal  tlaa  signal  proeaaslng. 

SHaouari  Tha  most  robust  taehnlquas 
for  daallng  with  llnaar  laast  squaras 
problaas  usa  singular  valua 
daooaposltlons  (svda)  of  raetangular 
aatrleaa.  Tha  svd  la  so  Is^ortant 
that,  Z  undarstand,  tha  Mavy  has 
supportad  tha  construction  of  a 
spaelal  purpoaa  aachlna  for  It.  Tha 
avd  Is  a  spaelal  alganvalua  problaa. 
ha  such  It  cannot  ba  t^datad 
Inaxpanslvaly  idian  naw  data  antars 
tha  problan  (or  old  data  laavas) . 
Tha  QRP'  factorisation  la  a 
surprisingly  slapla  axtanslon  of  tha 
svd  Idas  idilch  doas  not  suffar  frost 
this  dafact.  And,  also  surprisingly, 
tha  Idas  is  quits  naw.  Thara  la  anieh 
currant  activity  In  this  araa  of 
ccaputatlonal  llnaar  algabra.  In 
fact,  I  undarstand  that  Oanaral 
Blactric  Is  building  a  spaelal 
purpose  autchlna  Cor  QRP'  factori¬ 
sations.  A  ralatad  subproblan  Is 
that  of  condition  astlswtlon.  With 


Stawart  wa  gava  tha  first  algorltba 
for  this  problaa  In  1976.  Thara  ara 
now  sumy  such  eeapatlng  algorltbaw. 
For  this  project  wa  wrote  about  a 
dosan  auttlab  codas  for  the  various 
kinds  of  i^datas  and  ware  in  tha 
process  of  scrutinising  thaa  to  asfca 
thaa  as  rallabla  as  possible. 
Thornton  was  to  parallallsa  thasa 
codas  but  his  aaployasnt  was 
taminatad  by  HP8.  Also,  although 
tha  project  was  originally  supportad 
by  MF8  for  two  years,  tha  second  year 
of  siqpport  was  withdrawn  with  no 
notice.  Thus  it  will  not  ba 
coaplatad.  X  have  given  ay  codas  to 
Monlqua  farguas  of  tha  BCB 
dapartsMuit.  8ha  also  has  great 
Interest  In  this  araa  and,  Z 
undarstand,  has  graduate  students  who 
work  with  those  algorlthns. 

OXBUI:  A  package  of  (axpariaantal, 
but  rather  reliable)  natlab  codas  for 
condition  astiauitlon  and  Cor  i^datlng 
and  downdating  QRP'  factorisations. 

DOD  xnr  TBCMWOLOOr  AUAt  other. 

AmmnuSt  Xacurslva  Xioast  8quaras. 
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imT.TTT.mT.  APPBnxniM  TO  OPnMIMLTIOW 
xim  nTgraw  9p7TifTKATTnM  pb«rt.«mh 
V.l.  Hwofloii,  Assistant  ProfMsor 
C.W.  Rasauasan,  Aaalatant  Profaasor 
Dapartaaat  of  llatbaBatiea 
Spomaor:  Raaaarclx  Initiation  Program 
Funding:  Kaval  Postgraduata  School 


(MJICTIVB:  To  dovls*  toehniquos  by 

which  Bultilovol  Mthodology  can  b« 
applied  to  co^utationally  slow 
optiadzation  and  disereta  optiai- 
zation  problaiDS,  and  to  develop  an 
underlying  theory  for  these 
applications . 

SOaUUnr:  Many  problems  in 

optimization  and  discrete 
optizdzation  can  be  solved  only  by 
computationally  slow,  "grinding" 
processes.  A  siadlar  coaqputational 
"stalling"  characterizes  many  of  the 
classical  iterative  methods  for 
solving  partial  differential 
equations  (PDBs)  .  Over  the  past 
fifteen  to  twenty  years  ziultigrid 
methods  have  been  developed  to  solve 
these  PDB  probleiBS,  and  have  been 
tremendously  successful .  This 

research  is  intended  to  investigate 
the  possibility  that  multlgrid-like 
algorlthnui,  called  multilevel 
zMthods,  can  be  developed  for  the 
computationally  slow  optlizlzatlon  and 
discrete  optloilzatlon  problezis.  The 
focus  has  been  on  network  flow 
problems,  with  emphasis  on  the  long 
transportation  problem. 

This  project  was  funded  for  fiscal 
1993,  following  up  on  unfxinded  work 
that  was  coimnenced  in  1992.  A  joint 
paper  (by  Prof.  Henson,  with  LT  Kevin 
J.  Cavanaugh,  USCG)  was  presented  at 
a  major  conference  and  appears  in  the 
published  proceedings  of  that 
conference.  A  Master's  thesis  (the 
second  in  a  sequence)  was  produced, 
jointly  directed  by  Professors  Henson 


and  Rasmussen.  A  third  Master's 
thesis  resulting  from  this  project  is 
currently  being  written,  and  will  be 
completed  in  Spring  quarter,  1994. 

POMLTCATIOWS;  Cavanaugh,  K.J.  and 
Hanson,  V.B.,  "A  Multilevel 
Cost -Space  Approach  to  Solving  the 
Balanced  Long  Transportation 
Problem, "  in  Proceedings  of  the  6th 
Copper  Mountain  Conference  on 
Multigrid  Method,  NASA  Conference 
Publication  Number  3224,  1993. 

OOMFBRBMCM  PRS8BMXAX1CNU :  Cavanaugh, 
K.J.  and  Benson,  V.B.,  "A  Multilevel 
Cost-Space  Approach  to  Solving  the 
Balanced  Long  Transportation 
Problem, "  6  th  Copper  Mountain 
Conference  on  Multigrid  Methods, 
Copper  Mtn,  CO,  7  J^ril  1993. 

THBSIS  DISMCTID:  Cornett,  Annette 
P.,  LT,  USM,  "A  Multigrid  Approach  to 
Solving  the  I,ong  Transportation 
Problem  on  a  Regular  Orld  in  Cost 
Space,"  Master's  Thesis,  June  1993. 

OTHER:  This  research  is  to  be  the 
topic  of  a  Master's  thesis  now  being 
written  by  LT  Javier  Nieto  (Spain) , 
to  be  jointly  directed  by  Professors 
Gordon  Bradley  and  Van  Henson,  with 
Professor  Craig  Rasmussen  serving  as 
second  reader. 

DOD  KBT  TNCHNOLOCT  ABBA:  Other. 

KBXNORDS:  Multigrid,  PDBs,  Image 
Reconstruction. 
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MOLTIGRID,  MDLTILEVBL.  AHD  MaLTILgVEL  PROJTCTIOM  MBTHODS 
V.B.  Henaon,  Assistant  Professor 
Department  of  Mathematics 
Sponsor:  Research  Initiation  Program 
Funding:  Naval  Postgraduate  School 


OBJICTXVI:  To  fomulat*  thaoratlcal 
foundatlona  of  tha  aultlgrld,  multi - 
laval,  and  multllaval  projection 
method  (PML) ,  and  apply  them  to 
aeveral  problems,  specifically  to  tha 
image  reconstruction  problem  and  to 
the  solution  of  certain  nonlinear 
PDBs. 

SnOlhKT:  This  work  is  the  unfunded 
continuation  of  projects  funded  in 
1990,  1991,  and  1992  by  the  Haval 
Postgraduate  School  Research  Council. 
Multigrid  and  multilevel  methods  are 
numerical  confutation  methods  that 
take  advantage  of  all  of  the  scales 
of  a  problem  in  order  to  accelerate 
the  convergence  to  the  solution. 
Design  and  inf  lamentation  of  the 
methods,  however,  is  not  slnfle,  and 
many  workers  have  resisted  using  them 
because  of  their  conf  laxity. 
Recently  a  new  approach  called 
multilevel  projection  was  formulated 
by  Stephen  F.  McCormick  which 
greatly  sinflifles  the  design  and 
inf  lamentation  of  multilevel  methods. 
This  project  investigates  tha 
theoretical  foundation  and  the 
application  of  these  methods  to 
several  types  of  problems,  including 
solution  and  grid  refinement  methods 
for  PDEs,  specifically  certain 
semilinear  elliptic  equations  that 
arise  in  non-Newtonian  fluid  flow, 
and  multilevel  methods  for  image 
reconstruction  (the  Radon  Transform 
problem)  . 

Output  from  this  research  in  1993 
included  one  pviblished  paper  and  one 
conference  presentation.  In 
addition,  a  PhD  dissertation  is  in 
progress,  and  will  be  completed  in 
June  1994 .  Several  publications  are 


expected  to  result,  as  well. 

PDBLXCRTiaMS:  Henson,  V.B.  and 
Shaker,  A.N. ,  "Multilevel  Methods  for 
a  Semilinear  Blliptic  Problem  in  the 
Flow  of  Pseudoplastic  Fluids,"  in 
Proceedings  of  the  6th  Copper 
Mountain  Conference  on  Multigrid 
Method,  NASA  Conference  Publication 
Number  3224,  1993. 

COHFBHBHCB  PRBSBMXATIOn :  Benson,  V. 
B.  and  Shaker,  A.W.,  "Multilevel 
Methods  for  a  Semilinear  Blliptic 
Problem  in  the  Flow  of  Pseudoplastic 
Fluids,"  6th  Copper  Mountain 
Conference  on  Multigrid  Methods, 
Copper  Mtn,  CO,  8  J^ril  1993. 

OTBXRt  A  PhD  dissertation  is  being 
written  by  MAJ  Bruce  T.  Robinson, 
USA,  under  the  direction  of  Prof. 
Henson.  The  topic  of  the  disserta¬ 
tion,  scheduled  for  cosfletlon  in 
June,  1994,  is  "Multilevel  Projection 
Methods  for  the  Reconstruction  of 
latages  from  Projections." 

This  project  is  ongoing  research. 
Three  papers  are  envisioned  as 
output,  along  with  the  aforementioned 
PhD  dissertation.  The  first  of  these 
papers,  coauthored  by  Professor 
Henson,  Major  Robinson,  and  Professor 
Mark  Limber  (Slaton  Fraser  Ihaiverslty) 
has  been  subailtted  for  presentation 
at  the  Colorado  Conference  on 
Iterative  accepted  for  presentation 
scheduled  for  April,  1993,  in 
Breckenridge ,  Colorado . 

DOD  BBT  TBCBHOLOGT  ARKA:  Other. 

KKIMORDS:  Multilevel  Methods. 
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A-Bisam  EoreiBL  tiwustobw  wromi* 

V.B.  Hanson,  Haalstant  Profasaor 
DapartsMnt  of  Mathanntlcs 
W.L.  Briggs,  University  of  Colorado,  Denver 
Sponsor  and  Funding:  Hone 


OBJSCXIVBs  To  writ*  a  tutorial  on 
th*  Oiaerot*  Fourior  Tranafora  (OFT) , 
aia*d  at  a  broad  audianca  of 
anginaars,  sciantists.  and 
aathaaaticiana .  Cartain  sactions  on 
arror  analyaia  of  th*  DFT  includ*  naw 
rasults. 

SUMSSKX:  Thia  unfundad  work  ia  th* 

joint  work  of  Profaaaor  Hanaon  and 
hia  diaaartation  adviaor,  Profaaaor 
William  L.  Brigga  (Univaraity  of 
Colorado  at  Danvar) .  It  la  daaignad 
to  provid*  a  tutorial  laval 
diacuaalon  of  tha  DFT,  which  la  at 
th*  haart  of  tha  Faat  Fouriar 
Tranafora  (FFT) ,  parhapa  th*  moat 
fraquantly  uaad  of  all  mathaaatieal 
cooputar  algorithma.  Oaapit*  it* 
anoraoua  popularity  and  th*  many 
booka  writtan  about  th*  FFT,  thar* 


ar*  many  aapacta  of  th*  DFT  which  ar* 
not  widely  publiclaad,  and  yat  idilch 
critically  affact  th*  ua*  and 
parformanc*  of  tha  FFT.  Thia  text  ia 
aufficiantly  rigoroua  to  praaant  th* 
many  facaa  of  tha  DFT  in  detail, 
while  raauiinlng  accaaalbl*  to  raadara 
with  only  a  modarata  background  in 
mathamatica.  It  ia  to  b*  publlahad 
by  th*  Society  for  Induatrlal  and 
Applied  Mathamatica. 

Orimit:  Brigga,  W.L.  and  Hanaon, 

V.B.,  "A  DFT  Tutorial,”  Society  for 
Induatrlal  and  Applied  Math— f 
393  pagaa,  in  praaa. 

DOO  HR  THCHMOLOOr  ABHAt  Other. 

KXTWOBDS:  Fourier  Analyaia,  Fouriar 
Tranaforma,  FFT,  DFT. 
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JAVKLIN/TIIG-V  MODKL-TlST-MCH)g. 

B.K.  Nanaagar,  Adjunct  Profeaaor 
Department  of  Mathematics 

Sponsor  and  Funding:  TBADOC  Analysis  Command  -  Monterey 


(MJSCrxVB:  Th«  goal  of  this  pro j act 
is  to  further  develop  the  M-T-M 
concept  by  investigating  the 
influence  of  using  combat  sistulations 
in  the  design  of  a  field  test  and  in 
post -test  analysis. 

SUmOUnr:  Began  an  effort  to  control 
variables  within  the  Janus (A)  combat 
model.  Specif lcally<  creating  a  "bast 
fit"  Biodel  representation  of  the 
Javelin  and  TTJG-V  systasis,  careful 
evaluation  of  the  and  P|(  data  and 
analysis  of  the  Ft.  Htmter-Liggett 
terrain . 

PUBIiZCATIOHS :  Heta<  B.  and  Hansager, 
B.,  "Benefit  of  Sound  Cueing  in 
Combat  Simulation, "  MPS  Technical 
Report  HPS-MA-94-003,  1993. 

Carsovsky,  O.,  Klelnschsiidt ,  B., 
Meta,  B.,  and  Nansager,  B.,  "Audio 
Detection  Algorithms  in  Combat 
Simulations, "  International  Journal 
of  Mathematics  and  Computer  Modeling, 
accepted,  1993 . 

Barr,  D.  and  Mansager,  B.,  "Terrain 
Map  Resolution, "  International 
Journal  of  Mathematics  and  comnuter 
Modeling,  accepted,  1993. 

OOHFSRMHCB  PRMSBHTATIOMS :  Mansager, 
B.,  "Model -Test-Model, "  Military 


Operations  Research  Society  CIIIN  MOK 
II  Workshop,  Naval  Postgraduate 
School,  24  March  1993. 

THRSMS  DISMCTID:  Carsovski,  D.  and 
Kleinschsd.dt,  B.,  CPTs,  USA, 
"Matheaiatical  Model  of  the  Tactical 
Unsianned  Ground  Vehicle  (TDGV)  Using 
Computer  Simulation,"  Master's 
Thesis,  June  1993. 

McGuire,  Michael  J.,  CPT,  USA, 
"Comparison  of  the  Dragon  Antitank 
Weapon  System  (l^W)  to  its 

Replacesient ,  the  Javelin,"  Master's 
Thesis,  September  1993. 

MePadden,  Willie  J.,  CPT,  USA 

"Comparison  of  the  Janus  (A)  Simulated 
Vegetation  Codes  for  the  Javelin 
Antitank  Operational  Test,"  Master's 
Thesis,  September  1993. 

OIHXR:  Provided  TRAC-Monterey  a 

coaqputer  representation  of  the 

Javelin  antitimk  system  and  the  TUOV. 

Also  provided  a  updated  terrain  data 
base  for  the  Ft.  Hunter  Liggett 
terrain. 

DOD  BBT  TBCHHOLOar  ARBA:  Other. 

KBIWORDS:  Antitank  Systasw,  Audio 

Sensors,  Model -Test-Model. 
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APPIO  DlTOCnOlf  ALOORirm 
B.  Beta,  Professor 
bepartaent  o£  IfatliaBatics 

Sponsor  and  Funding:  TRADOC  Analysis  CosMsnd  -  Monterey 


OSJBCnVB:  To  develop  sound 
•Igor i the  and  to  Incorporate  It  into 
the  Janus  almulation. 

snSMAET:  It  is  known  that  audio 
cueing  plays  an  inportant  role  in 
detection  and  aeguisition  of  targets 
on  the  bsttlefield.  Current  eonbat 
sinulations  such  as  Janus  play  visual 
detection  processes,  and  use  them  to 
generate  target  lists  from  which 
•ngageaients  are  drawn.  Xt  present, 
there  is  not  a  conparable  algoritha 
for  playing  audio  cueing.  The  work 
proposed  is  designed  to  Investigate 
how  such  cueing  could  be  Incorporated 
into  the  Janus  sintulatlon. 

raBUCATZOMS:  Cersovsky,  D., 
Kleinschnidt,  B.,  Heta,  B.,  and 
Mansager,  B.,  "Audio  Detection 


Xlgorlthsw  in  Coad»at  Slsulations, " 
International  Journal  of  Maths— tical 
and  Conputar  Modelling,  accaptad  for 
publication. 

Mata,  B.  and  Mansagar,  B.,  "Banaflt 
of  Sound  Cualng  in  Caad>at 
Sisnilation, *  MVS  Tachnlcal  Raport 
MVS-lCX-94-003,  Octobar  1993. 

TBB8I8  DIKSemt  Klainschsidt,  Bd 
and  Carsovskl,  Don,  "Mathasatical 
Model  and  Analysis  of  the  Tactical 
unaanned  Oround  Vahicla  (TOO-V)  Oslng 
Computer  Simulation,"  Master's  Thesis 
in  Applied  MathsMtics,  1993. 

DOD  BBT  TBCHMDLOOr  ARBA:  Software, 

KBXIIQRDS:  Audio  Dataction,  Janus, 
Combat  Simulation. 
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DEVELOPMENT  OP  FJHITB  BT-HHBliT  PRltDTCTIQiy  MODEL 
B.  Neta,  Profeaaor 
Department  o£  Mathematics 
Sponsor  and  Funding:  1hx£unded 


OBJECnVB:  To  investigate  the 
feasibility  of  parallel  con^uters  to 
efficiently  solve  the  shallow  water 
equations  using  the  finite  element 
method . 

SUMMMtT:  We  have  concentrated  on 
parallel  computation  using  the  INTEL 
hypercvibe  and  the  MasPar  (massively 
parallel  conputer)  for  problems 
related  to  weather  forecasting.  We 
have  developed  a  domain  decooposltlon 
finite  difference  conservative  scheme 
for  the  hypercube  and  a  highly 
accurate  model  for  the  massively 
parallel  computer. 

PUBliICAXIOHS :  Neta,  B.  and  Lustman, 

L. ,  "Parallel  Conservative  Scheme  for 
Solving  the  Shallow  Water  Equations,” 
Monthly  Weather  Review.  Vol.  121  pp. 
305-309,  1993. 

Neta,  B.  and  Thanakij,  R.,  "Finite 
Element  Approximation  of  the  Shallow 
Water  Equations  on  the  MasPar  in 
Advances  in  Finite  Element  Analysis 
in  Fluid  Dynamics,"  M.N.  Dhaubhadel, 

M. S.  Engleman,  W.G.  Habashl,  eds., 
FED  -  Vol.  171,  American  Society  of 


Mechanical  Engineering.  1993. 

Meta,  B.  and  Thanakij,  R.,  "Finite 
Element  Approximation  of  the  Shallow 
Water  Equations  on  the  MasPar,  ”  NPS 
Technical  Report  NPS -MA- 93 -014,  April 
1993. 

CQHFKRSHCS  PRESEHIATIOnS :  Neta,  B., 
"Finite  Element  Approxlaiation  of  the 
Shallow  Water  Equations  on  the 
MasPar, "  Fourth  Navy  R6D  Information 
Exchange  Conference,  MRAD,  San  Diego, 
CA,  13-15  April  1993. 

Neta,  B.,  "Finite  Element 
Approximation  of  the  Shallow  Water 
Equations  on  the  MasPar, "  1993 
American  Society  of  Mechanical 
Engineering  Winter  Annual  Meeting, 
Mew  Orleans,  LA,  28  November  -3 
December  1993. 

DOD  KET  TBCHHDL06T  ASBA:  Coaqputers. 

KEYWORDS:  Parallel  Computing, 
Shallow  Water  Equations,  Weather 
Prediction,  Massively  Parallel 
Computer . 
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IHIl.TII.IliKAR  KrrEMSIOMS  OF  OMiiffi  Ayn  APPLICILTIOMS 

6.  Oiran,  Professor 
Department  of  NatheBatics 
Sponsor  and  Funding:  National  Science  Foundation 


OBJSCTXV'S:  The  purpose  of  this 
research  was  to  analyze  the 
mathematical  properties  of 
stultillnear  extensions  (MLB's)  and 
study  their  possible  applications  to 
problems  In  economics,  management, 
and  political  science. 

STSBfUBT:  The  MLB  was  used  to  show  a 
serious  discrepancy  between  the 
non- atomic  game  (Infinite  player) 
model  In  current  use  and  the 
asymptotic  behavior  of  the  finite 
player  model.  MLB's  were  also  used  to 
calculate  certain  modified  values  as 
cost  allocation  rules  for 
communication  situations.  Further, 
MLB's  were  used  to  calculate  voting 
power  In  the  case  of  corporations 
with  Interlocking  directors. 

I  spent  the  spring  quarter  (Q-IIZ  of 
Ay93)  and  the  fall  quarter  (Q-Z  of 
AY94)  working  on  research,  mainly  In 
Barcelona,  Spain,  Tilburg, 
Netherlands,  and  Jerusalem,  Israel. 

PUBUGATIOHS:  Owen,  G. ,  "The  Not- 


Qulte  Non-Atosilc  GasM:  Monsal 
Approxiaiatlon,  ”  International  Journal 
nf  fimmm  Theorv.  Vol .  21,  pp.  405-417. 

Owen,  G.,  Nouweland,  A.v.d.,  Borm, 
P.,  and  Tljs,  S.,  "Cost  Allocation 
and  Communication, ■  Naval  Research 
Logistics,  Vol.  40,  pp.  733-744. 

COMFBKBWCK  PRBSBMXATXaV:  Owen,  O., 
"Group  Bf facts  In  Voting,"  Public 
Choice  Society  sieetlng.  New  Orleans, 
LA,  21  March  1993. 

THBSKS  DZSBCTBD:  Co-Director  for 
"Graphs  and  Communication  In  Games," 
by  Anne  van  den  Nouweland,  Ph.  D. 
Dissertation  at  Catholic  University 
of  Brabant,  Tilburg,  Netherlands, 
March  1993. 

DOD  XXT  TBCHHOLOOT  ASXAt  Other. 

KBYNDRDS:  Multilinear  Extension, 
Gamas. 
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CIASSIFICATItMJ  OF  GRAPHS 


WITH  EFFICIENTLY  COLQRABLF  COMPBTITIOM  GRAPHS 
C.W.  RasBussen,  Assistant  Professor 
Department  of  Mathematics 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJSCTIVS:  This  is  a  continuing 

project  alaed  at  identifying  classea 
of  graphs  whose  coiq>etltlon  graphs 
have  good  coloring  properties.  Such 
graphs  would  be  of  use  in  practlca'' 
obtaining  exact  solutions  to 

variety  of  resource  allocation 
problems . 

SUMMhRT:  This  summary  covers  the 

first  year  of  a  project  for  which 
funding  has  been  extended  for  a 
second  year.  The  work  has  yielded 
interesting  results,  and  promises  to 
continue  to  do  so.  The  primary  focus 

has  been  on  classification  of 
undirected  graphs  whose  conqpetltlon 
graphs  fall  into  the  class  of 
Interval  graphs.  The  coiqpetltlon 
graph  of  a  loopless  undirected  graph 
is  its  two-step  graph,  while  the 
coiq>«tition  graph  of  an  tuidlrected 
graph  possessing  loops  at  every 
vertex  is  the  square  of  the  graph 
obtained  by  deletion  of  all  loops. 
The  characterization  of  undirected 
graphs  with  Interval  squares  and 
interval  two-step  graphs  has  been 
completed.  Remaining  in  this  vein, 
then,  are  (i)  the  study  of  graphs 
whose  coopetitlon  graphs  fall  into 
neither  of  these  boundary  categories, 
and  (il)  the  study  of  graphs  whose 
squares/two-step  graphs  fall  into 
other  classes  that  show  good  coloring 
properties.  Preliminary  results  in 
these  directions  are  promising. 

PUB  U;  CATIONS :  Lundgren,  J.R., 

Maybee,  J.S.,  and  Rasmussen,  C.W., 
"Interval  Conpetitlon  Graphs  of 
Symmetric  Digraphs,”  Discrete 

Mathematics.  Vol.  119,  pp.  113-122. 

Ltmdgren,  J.R.  and  Rasmussen,  C.W., 


"Two-step  Graphs  of  Trees,"  Discrete 
Mathematics.  Vol.  119,  pp.  123-139. 

CXMFIRIHCB  PSBSSHIATZaMS:  Lundgren, 
".R.,  Merz,  S.K.,  and  Rasmussen, 
C.H.,  "On  Direct  Computation  of 
Chromatic  Numbers  of  Competition 
Graphs .  ”  A  prellaiinary  report  was 
presented  by  this  author  at  the  24th 
Southeastern  International  Conference 
on  Combinatorics,  Graph  Theory,  and 
Co]iq>uting,  held  at  Florida  Atlantic 
University  in  February  1993.  The 
full  paper  was  presented  by  this 
author  at  an  invitational  conference 
on  Graphs  and  Matrices  held  in 
Boulder,  Colorado  in  May  1993,  on  the 
occasion  of  Professor  John  S. 
Maybee' s  retirement  from  the 
Department  of  Mathematics  of  the 
University  of  Colorado  at  Boulder. 

Lundgren,  J.R.,  Merz,  S.K.,  and 
Rasziussen,  C.W.,  "Characterization  of 
Graphs  with  Interval  Squares,"  24th 
Southeastern  International  Conference 
on  Cozibinatorics,  Graph  Theory,  and 
Computing,  Florida  Atlantic 
University,  February  1993. 

i 

Lundgren,  J.R.,  Maybee,  J.S.,  Merz, 
S.K.,  and  Rasmussen,  C.W., 
"Characterization  of  Graphs  With 
Interval  Two-Step  Graphs," 
invitational  conference  on  Graphs  and 
Matrices,  Boulder,  CO,  May  1993. 

OTHER;  Two  additional  papers  were 
cospleted  in  1993 .  They  have  been 
submitted  for  publication  as  NPS 
Technical  Reports,  and  are  in  review 
at  Linear  Algebra  and  its 
Applications . 
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tlona  Matworking*  Othar. 

mMCau>g»  Orapb  coloring. 

Coaipatltlon  Orapha.  Intarval  Qrapha. 
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JODBMAL  MtnCLBS 


Borg**,  C.F.  and  Gragg,  N.B.,  "A  Parallal  Dlvlda  and  Conquar  Algoritlva  for  tha 
Ganaralisad  Raal  Syanatrlc  Dafinlta  Tridiagonal  Blgonproblaa, ”  in  MSMtXlSlJL 
Linaar  Aloabra  and  Sciantifie  Coamutlng.  L.  Raichal,  A.  Ruttan,  and  R.8.  Varga, 
ads.,  da  Oruytar,  Barlln,  pp.  11-29,  1993. 

Borgas,  C.F.,  Frazza,  R.,  and  Gragg,  N.B.,  "Soma  Invarsa  Biganproblaaa  for  Jacobi 
and  Arrow  Matricaa,"  Journal  of  MUmarical  Linaar  Aloabra  Applicati<»s ,  1993. 

Canrlght,  D.  and  Morris,  S.,  "Buoyant  Instability  of  a  Viscous  Fila  Owar  a 
Passiva  Fluid,"  Journal  of  Fluid  Machanics.  Vol.  255,  pp.  349-372,  Octobar  1993. 

Franzan,  C.L.,  "Bs^licit  Maan  Bnarglas  for  tha  TharziodynaBics  of  Systaas  of 
Finlta  Saguancas,"  Journal  of  Phvsica  A:  Math  Gan. .  Vol.  26,  pp.  2269-2273, 
1993. 

Franzan,  C.L.  and  Fischar,  I.,  "On  a  Conjactura  of  Plarca  for  Paraanants  of 
Singular  Corralation  Matrlcas,"  SIAM  Journal  on  Matrix  Analysis  Applications. 
Vol.  14,  Ho.  1,  pp.  74-81,  1993. 

Gragg,  N.B.  and  DaasMl,  J.N.,  "On  Coaqputing  Accxirata  Singular  Values  and 
Blganvaluas  of  Matricas  with  Acyclic  Graphs,"  Linaar  Aloabra  and  its 
Applications .  Vol.  pp.  203-218,  1993. 

Gragg,  H.B.,  Assutr,  G.S.,  and  Raichal,  L.,  "An  Analogue  for  Szago  Polynaad.als  of 
tha  Clanshaw  Algorltha, "  Journal  of  Coziputational  and  Applied  MathaMatics,  Vol . 
46,  pp.  211-216,  1993. 

Gragg,  N.B.,  "Positive  Definite  Toeplltz  Matricas,  tha  Arnold!  Process  for 
IsozMtrlc  Operators,  and  Gaussian  Quadrature  on  tha  Dnlt  Circle,"  Journal  of 
Coziputational  «««<  ^^npliad  Mathaniatics ,  Vol.  46,  pp.  183-198,  1993. 

Lundgran,  J.R.  and  Maybaa,  J.S.  and  Rasaussan,  C.H.,  "Interval  Coopa  tit  ion  Graphs 
of  Syaanatrlc  Digraphs,"  Disiarata  Mathematics.  Vol.  119,  pp.  113-122,  1993. 

Lundgran,  J.R.  and  Rasmuasan,  C.N.,  "Two-step  Graphs  of  Trees,"  Discrata 
Mathaniatics .  Vol.  119,  pp.  1.23-139,  1993. 

Hata,  E.  and  Lustnan,  L.,  "Parallal  Conservative  Schaaia  for  Solving  tha  Shallow 
Hater  Bguatlona,"  Monthly  Weather  Review.  Vol.  121,  pp.  305-309,  1993. 

Phipps,  W.B.,  Kata,  B.,  and  Danielson,  D.A.,  "Parallallzation  of  tha  Haval  Space 
Surveillance  Satalllta  Motion  Modal, "  Journal  of  Astronautical  Sciancaa.  Vol.  41, 
pp.  207-216,  1993. 

Owan,  G.,  Nouwaland,  A.v.d.,  Bom,  P.,  and  Tljis,  S.,  "Tha  Not-Quite  Hon-Atoadc 
GazM:  Normal  Approximation,"  International  Journal  Theory.  Vol.  21,  pp. 
405-417. 
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O.f  ifouifwland,  A.v.d.,  Boxa,  V.,  and  Tijla.  8.,  ■Coat  Alloe«tioB  and 
rrinlcatlon,  ■  llaval  Raaaareh  Looiatlea.  Vol.  40,  pp.  733-744. 

8«>«adratt,  C.  and  Xrlapanann,  O.A.,  "Larga  Ummbzmnm  Array  Seattarlag, "  jISubbI 
AgflMfUgtl  ggffittY  9t  Vol  93,  no.  S.  Jtmm  1993. 

Walr,  Maurioa.  Barr,  D.,  and  Boffaum,  J. ,  *An  Indicator  of  Ooabat  Bueeaaa,* 
llaTal  Raaaareh  Looiatlea.  Vol.  40,  pp.  755-7SS,  1993. 
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COMFnnCI  PDBLZCATZOHS 


Borg«s,  C.r.  and  rrassa,  R.,  "On  Modal  Xdantlfleatlon  of  Oauaslan  Raolproeal 
Rroeassaa  froai  tha  Rigans  true  tura  of  Thalr  Covarianeas,  ■  in  OonputatlMi  and 
Control  IZZt  In  Proeaadlngs  of  tha  Third  Boianan  Confaranea,  J.  ZMnd  and  K. 
Bowars,  Rds.,  Prograss  In  SystasM  and  Control  Thaory,  Birkhausar,  (1993),  pp. 
63-72. 

Cavanaugh,  K.  J.  and  Hanson,  V.  R.,  "A  Multllaval  Cost-Spaca  Approach  to  Solving 
tha  Balanead  Irf>ng  Transportation  Problaa,  *  In  Proeaadlngs  of  tha  6th  C^^r 
Mountain  Confaranea  on  Multigrid  Mathods,  NASA  Confaranea  Publication  Husddar 
3224,  1993. 

Danialson,  D.A.,  "Sani analytic  Satallita  Thaoryt  Mathanatlcal  Algorlthas,"  In 
Proeaadlngs  of  tha  1993  Spaea  Survalllanea  Workshop,  M.Z.T.  Lincoln  I,ab, 
Laxlngton,  MA,  Vol.  2,  pp.  61-70,  30  March-1  April  1993. 

Danialson,  D.A.,  "Sanlanalytlc  Satallita  Thaory:  Sacond  Ordar  Bxpanslona  In  tha 
trua  Longltuda  L, "  In  Proeaadlngs  of  tha  AAS/AXAA  Astrodynanlcs  Confaranea, 
Victoria,  BC,  AAS  93-720,  16-19  August  1993. 

W.B.,  Aaaar,  O.S.,  and  Ralchal,  L.,  "Dlract  and  Znvarsa  Dhltary 
BlganproblasM  in  Signal  Procaasingt  An  Ovarvlaw, ■  in  Proeaadlngs  of  Llnaar 
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DEPARmENT  OF  MECHAIUCAL  WGJXEMaXHG 


Tha  DepartBwnt  of  Mechanical  Engineering's  reaearch  program  continues  to  advance 
the  state  of  knowledge  in  areas  of  liqportance  to  tha  U.S.  Mavy,  in  particular, 
those  areas  Involving  solid  mechanics  and  cos^slta  structures;  underwater  shock 
and  vibration/noise;  control  of  dynamic  systems;  applications  to  electronic 
cooling,  welding,  boiling  and  condensation,  and  applied  thermodynaBd.cs;  and 
materials  science  applied  to  metals  and  metal  awtrix  coaposltes.  Results  of 
research  are  published  in  student  theses,  MPS  technical  reports,  and  in  papers 
presented  both  at,  and  appearing  in,  national  conference  proceedings,  and 
published  in  scientific  journals.  The  following  is  an  overview  of  each  area  of 
research  with  individual  faculty  siimmarles. 


SOLID  MECHAmCS,  SHOCaC  AMD  VIBRATIOM 

Professor  Shin  has  continued  his  investigation  of  "Response  of  Haval  Structures 
to  Underwater  Explosions”  \mder  the  sponsorship  of  the  Defense  Nuclear  Agency 
(DNA.) ,  Naval  Surface  Warfare  Center  (NSWC)  -  Annapolis  Detachment,  and  Naval  Sea 
Systems  Command  (NAVSEA)  .  For  DMA  project,  the  analytical  and  nuaierlcal  studies 
of  underwater  explosion  and  its  effect  to  the  naval  structures  have  been 
conducted.  There  are  three  basic  features;  (1)  shock  wave  propagation  through 
the  surrounding  hydro -acoustic  medium  and  the  behavior  of  explosive-gas  bubble, 
(il)  structural  dynamics  problems  with  siaterial  and  geoBietric  nonlinearities,  and 
(iii)  fluid- structure  interaction  and  explosive  gas  bubble  -  structure 
Interaction.  The  scientific  objective  of  NAVSEA  project  is  to  sianilate  the  ship- 
shock  environment  and  its  effect  to  shipboard  coBibat  systeBis  using  Navy's 
medlumweight  shock  siachine  with  tuned  mounting  fixture.  The  multi -DOF  tuned  deck 
simulator  has  been  designed,  and  fabricated  in  FY-93.  The  shock  testing  was 
performed  using  U.S.  Navy's  mediuBiweight  shock  machine  with  designed  tuned  deck 
simulator  and  the  analytical  results  were  compared  with  those  of  tests.  Addendum 
to  MIL-S-901D  was  proposed  to  the  medlumweight  shock  qualification  procedures. 
NSWC-Annapolis  has  been  developing  Advanced  Lightweight  Influence  Sweep  System 
(ALISS) .  ALISS  is  an  Advanced  Technology  Desionstration  to  validate  the 
feasibility  of  superconducting  technology  to  sweep  Biagnetic  Influence  Btlnes  in 
shallow  water.  Under  the  extreaies  of  shock  and  vibration  environaient,  tha  high 
Biagnetic  field  of  the  superconducting  coll  Biay  collapse  and  jeopardize  its 
Bilssion.  We  developed  operational  shock  and  vibration  criteria  to  be  designed 
into  ALISS  and  have  been  performed  nuBierical  simulation  of  dynamic  response  of 
superconductor  Biagnet. 

Professor  Shin  has  also  conducted  an  investigation  of  tiaie- frequency  doBialn 
distribution  and  its  application  to  reciprocating  aiachinery  analysis  from  the 
standpoint  of  machinery  condition  monitoring  and  diagnostics.  Pseudo  Wlgner- 
Ville  distribution  and  wavelet  transform  were  used  to  characterize  the  non¬ 
stationary  signatures  in  time -frequency  doBiain.  The  project  was  sponsored  by 
MAVSEADET  PERA(CV) . 

Professor  Kwon's  recent  research  includes  failure  and  daaiage  modeling  of  fibrous 
coBposites,  a  biomechanical  study  of  the  human  knee  joint,  and  a  study  of  dynaaiic 
structural  response  caused  by  underwater  explosion.  These  researches  have  been 
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•ponsorad  by  Naval  Surface  Warfare  Center,  Naval  Hoapltal,  and  Defenae  Nuclear 
Agency.  The  failure  and  damage  atudy  of  composites  considers  a  micro-SMcro 
modal.  The  study  links  the  micromachanics  modal  and  the  maeromechanics  model  to 
analyze  fibrous  composite  structures.  As  a  result,  this  model  can  analyse  a 
general  shape  of  composite  structure  and  can  still  find  the  damage  progression 
and  failure  at  the  fiber  and  matrix  level.  Another  study  is  to  investigate  the 
compressive  residual  strength  of  balanced  or  unbalanced  sandwich  composite 
structures  subjected  to  inpact  loads.  The  effect  of  local  dalaad.nation  is  also 
included  in  the  study.  Professor  Kwon  develops  a  kinematic  model  to  study  the 
motion  of  the  human  knee  joint.  Daing  this  model,  behaviors  of  intact,  posterior 
cruciate  ligament  (PCD  injured  and  reconstructed  knees  are  studied  and  coapared. 
This  model  will  help  to  determine  the  best  reconstructed  knees  are  studied  and 
compared.  This  model  will  help  to  determine  the  best  reconstruction  technique 
for  the  PCI,  injury.  The  underwater  shock  research  includes  the  study  of  the 
effect  of  surface  coating,  response  of  air-  or  water-backed  composite  structures, 
and  development  of  simplified  mathematical  ntodaling  techniques  for  complicated 
naval  structures. 

Professor  Gordls  is  conducting  research  in  several  areas  in  structural  dynamics 
and  vibration.  In  structural  synthesis,  a  fasiily  of  analytic  methods  have  been 
developed  which  allow  the  direct  calculation  of  modified  dynamic  response  of 
structural  dynamic  system  computer  models  which  have  been  arbitrarily  modified 
and/or  combined  with  other  models.  These  SMthods  are  distinguished  by  their 
ability  to  treat  modification  of  arbitrary  size,  distribution  and  damping,  and 
that  the  methods  provide  a  highly  efficient  and  exact  solution  in  all  cases. 
Research  is  also  being  performed  in  structural  system  identification,  lAere 
deficiencies  in  math  models  are  identified  through  the  use  of  measured  dynaadc 
response  data.  Recent  results  here  include  the  identification  of  a  nonstandard 
set  of  eigenvalues  which  provide  an  additional,  independent  data  with  which  to 
tackle  the  underdetermined  system  identification  problem.  The  system 
Identification  methods  are  being  applied  in  the  area  of  structural  damage 
detection,  which  seeks  to  uncover  structural  damage  in  components  using  awasured 
dynamic  response  data.  Additional  areas  of  research  include  the  optiad.zation  of 
shipboard  topside  equipment  with  respect  to  weapons  effects. 


SHIP  SYSTEMS 


Professor  Calvano  has  been  conducting  a  study  for  the  Naval  Sea  Systems  Coanand 
(NAVSEA)  to  investigate  methods  for  iaproving  the  design  of  survivability 
features  for  surface  ships,  within  cost  constraints,  as  wall  as  SMthods  for  the 
assessment  of  ship  survivability.  This  work  is  intended  to  build  a  basis  for 
long-term  support  of  NAVSEA  in  Total  Ship  Survivability  as  related  to  the 
engineering  of  total  ship  systems.  The  task  is  being  approached  using  the  ship 
design  process  as  a  fraune  of  reference  to  explore  ways  to  further  the  development 
of  survivability  as  an  integral  element  of  that  process.  Professor  Calvano  has 
also  been  Investigating  methods  for  assessing  the  sdeslon  survivability  of 
surface  ships  and  the  technology  used  to  enhance  their  survivability.  An 
analysis  of  the  value  of  a  modern  warship's  staying  power  (anti -vulnerability) 
relative  to  the  value  of  defensive  firepower  and  other  measures  for  so-called 
active  survivability  (anti -susceptibility) ,  offensive  firepower,  ' nd  detection 
and  tracking  power  are  being  studied. 
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DYMAMIC  SYSTEMS.  COMTROLS  AMD  ttOBOTICS 


Profassor  Haaley  has  continued  his  activities  in  the  davalopatant  of  advanced 
control  technology  for  Autonomous  underwater  Vehicles  (AUV)  .  These  vehicles  are 
robotic  unmanned  submersibles  that  are  being  considered  in  many  countries  in  the 
world  for  a  variety  of  missions  encompassing  both  military  and  civilian  activity. 
The  need  for  advanced  intelligent  control  technology  lies  in  the  requiresMnt  to 
operate  these  vehicles  Independently  from  a  surface  ship.  Past  and  current 
practice  is  to  use  submersibles  that  are  tethered  to  a  surface  ship  thereby 
receiving  power  from  the  ship  and  control  commands  from  a  pilot.  Sensory  signals 
are  transmitted  back  to  the  operator  and  thus  these  vehicles  fall  within  the 
class  of  ' teleoperated  robots'.  Because  tether  smnageswnt  is  burdensoom  and 
places  large  uncertain  loading  on  the  vehicle,  the  elisdnation  of  the  tether  is 
the  primary  goal  of  AUV  technology  leaving  vehicle  cornsninications  to  acoustic 
modems  (acoustic  tethers)  which  operate  at  low  baud  rate,  cannot  provide  power. 
High  degrees  of  intelligence,  and  moderate  sustaining  energy  storage  are 
therefore  required  onboard  the  vehicle  so  that  it  can  perform  mission  control 
functions  in  response  to  short  high  level  commands  from  the  user.  The  automation 
of  the  piloting  functions  is  done  with  autopilots,  and  a  degree  of  autosuited 
reconfiguration  of  control  and  sensing  functions  is  a  raquiresmnt. 

under  a  grant  from  MSF,  joint  with  Professor  McGhee  (CS) ,  this  program  is  engaged 
in  the  investigation  of  the  design  of  reconfigurable  controllers  that  will 
exhibit  ease  of  modification  and  be  sufficiently  intelligent  to  perform  self 
recovery  from  both  mission  and  vehicle  systems  faults.  The  system  is  based  on 
tri-level  software  architecture  that  contains  a  rule  based  controller  at  the 
highest  (ST'iategiC)  level,  a  TACTZCAla  level  controller  that  coordinates  the 
comsiands  and  requests  for  mission  state  information.  The  upper  two  levels  run 
asynchronously,  and  operate  as  a  discrete  event  system  to  pass  appropriate 
commands  and  requests  to  and  receive  the  lowest  (BXBCUTIOH)  level  software.  This 
level  runs  the  real  time  systems  configuring  the  sensing,  control  function,  and 
actuation  activity  of  the  vehicle.  The  hardware  and  software  developed  to  date 
runs  an  Autonomous  Vehicle  called  the  NFS  Phoenix  in  cruise  and  hovering  stissions 
in  a  test  tank.  One  particularly  isqportant  aspect  of  this  work  is  to  define  the 
best  conqputer/robot  language  to  use.  Collaborators  in  France  have  developed  a 
language  called  'ESTEREL'  which  is  a  way  of  linguistically  encoding  a  finite 
state  machine  (automaton)  representing  the  siisslon  controller.  Collaborators  in 
Portugal  have  written  a  language  called  'CORAL'  which  encodes  a  Petri  net 
description  of  a  mission  controller,  whereas  the  Naval  Postgraduate  favors  the 
use  of  an  already  established  AI  language  called  'PROLOG'  in  a  special  form  that 
encodes  either  Petri  net  or  Finite  State  Machine  descriptions.  We  have 
demonstrated  that  the  vehicle  can  already  perform  complex  robotic  tasks  in  a 
coordinated  way,  and  are  continuing  to  Increase  the  level  of  intelligence  that 
is  built  into  the  mission  controller. 

With  f\inding  from  ONR,  Professor  Healey,  in  collaboration  with  Professor  Cristl 
(BC) ,  is  investigating  the  use  of  high  frequency  sonar  to  navigate  autonoB»us 
vehicles  to  a  local  scene.  While  navigation  to  a  global  reference  is  of  course 
iaportant,  othar  missions  involve  the  returning  to  a  previous  site  and  the  need 
to  locally  navigate  to  landmarks  within  the  site.  Landmarks  can  be  active  or 
passive  beacons .  The  use  of  nonlinear  filters  using  potential  functions  to 
update  a  local  map  is  expected  to  provide  local  area  navigation  when  fused  with 
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•onar  returns  and  vahlcla  motion  maaauramants . 


With  funds  from  tha  Navy  Explosive  Ordnance  Disposal  Technical  Center,  Professor 
Healey  is  exploring  the  development  of  graphics  based  sisnilators  to  illustrate 
the  use  of  multiple  agent  Siibsusqptlon  robots  for  sninitlons  clearance.  The  work 
has  begun  this  year  and  is  expected  to  continue  as  a  tool  for  the  evaluation  of 
clearance  technologies.  To  date  the  basic  terrain  BK>dal  has  been  built  based  on 
the  as  Marine  Corps  Twentynlne  Palms  facility  digitised  on  a  meter  square  grid 
to  approximately  2  cm.  vertical  accuracy.  Objects  representing  a  variety  of 
scatterable  munitions  can  be  placed  on  the  terrain  and  up  to  ten  walking  robots, 
represented  faithfully  for  kinematic  motion,  may  be  simulated.  Professor  Healey 
is  also  exploring  the  use  of  the  AX  language  'PROXiOO'  as  a  device  for  designing 
rule  based  design  optimization  systems  initially  funding  by  NAVSHA.  Design 
Involves  both  synthesis  and  analysis.  This  work  was  jointly  investigated  with 
Professor  Gordls  using  rapid  frequency  response  techniques  for  the  structural 
analysis  that  ultimately  would  be  tied  to  the  rule  based  synthesis. 

In  the  area  of  robotics.  Professor  Drlels  has  been  conducting  research  into  two 
Slain  areas.  The  first  of  these  concerns  the  iBq>rovesient  in  robot  accuracy 
through  a  sianipulator  calibration  process.  In  particular,  the  use  of  closed  loop 
klneskatlc  constraints  Instead  of  precision  sieasuring  systems  is  investigated. 
This  leads  to  a  calibration  process  which  is  rapid,  inexpensive,  and  sMy  be 
performed  in  tha  robot  workplace.  In  a  second  project,  the  InplesMntatlon  of 
bilateral  force  feedback  in  hydraulic  teleoparator  systems  is  investigated.  In 
this  work,  single  and  two  DOP  systesis  have  been  constructed  and  tested. 
Instabilities  due  to  inertial  loading  have  been  observed  and  analysed.  Further 
work  to  design  small,  lightweight  force  reflecting  elements  is  under  way.  Both 
of  these  projects  are  supported  with  a  reimbursable  grant  from  NASA  Johnson  Space 
Center. 

Professor  Drlels  has  also  been  carrying  out  research  for  the  U.S.  Amy  in  the 
area  of  combat  simulation  modeling.  Currently,  the  Army  uses  a  simulation  called 
Janus  for  training  mounted  and  dismounted  troops  in  combat.  The  simulation  takes 
place  between  two  opposing  forces  on  a  sisiulatod  battlefield  with  a  100m  grid  for 
tha  terrain.  Current  work  is  focused  on  using  a  high  fidelity  terrain  grid  of 
Im,  thereby  enhancing  the  realism  with  which  the  simulation  is  conducted.  In 
particular.  Dr.  Drlels  is  addressing  the  manner  in  which  conventional  acquisition 
and  detection  algorithms  may  be  used  in  the  higher  resolution  database,  and  what 
modifications  would  make  algorithms  closer  to  the  actual  process. 

Professor  Papoullas  has  been  engaged  in  studies  of  sxibmarine  dynamics  and 
advanced  marine  vehicles.  Specifically,  he  has  been  studying  frictional  and 
wave-making  resistance  cht.- acterlstics  of  SLICE  hull;  a  new  hull  design  that 
Incorporates  many  of  the  advantages  in  powering  and  seakeeping  of  small 
waterplane  area  twin  hull  types  with  the  added  flexibility  of  separate  fore/aft 
buoyancy  modules .  The  above  studies  are  towards  establishing  design  guidelines 
and  regions  of  advantage/disadvantage  of  SLICE  versus  traditional  SWATH  hulls. 
In  conjunction  with  his  co-principal  investigator.  Professor  Calvano,  he  has  also 
started  studies  on  structural  response  of  the  above  hull  type.  This  project, 
which  is  being  funded  by  the  Office  of  Naval  Research,  is  continuing  during  this 
current  year  as  well.  Another  main  area  of  research  has  been  on  subatarlne 
dynamics  in  shallow  and  littoral  waters.  This  is  a  new  area  of  naval  operations 
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which  is  expected  to  become  very  laportamt  in  the  future.  Profeaaor  Fapoullea' 
studies  in  the  problems,  have  been  on  two  fronts,  namely  operational  and  tactical 
characterization,  and  determination  of  free  surface  and  proxistity  forces  and 
moments.  In  the  first  task,  adssion  objectives  and  requirements  have  been 
established  for  shallow  water /periscope  depth  operations,  «diile  in  the  second 
task,  panel  methods  have  been  utilized  to  obtain  the  pressure  distribution  on  the 
body  and  the  resulting  forces  and  mosients.  This  project,  which  is  supported  by 
the  Naval  Surface  Warfare  Center,  will  be  continuing  during  FY  95  as  well. 

Professor  Mukbsrjee  is  engaged  in  theoretical  and  experimental  robotics  research. 
The  experimental  research  project  aisis  at  the  design,  development  and  tasting  of 
a  flexible  robotic  manipulator  for  minimally  invasive  sxirgical  applications. 
Such  manipulators  are  expected  to  provide  surgeons  with  dexterity  inside  the 
human  torso  during  minimally  invasive  surgical  procedures.  Currently  research 
is  underway  for  the  development  Superelastic  Alloy  (SBA)  actuators  for  the 
manipulator,  the  design  of  the  actuation  systesm,  feedback  control  of  the 
actuators,  the  design  of  the  flexible  smnipulator  which  needs  to  meet  a  number 
of  stringent  requirements,  and  the  developamnt  of  the  interface.  The  second 
project  is  more  theoretical  in  nature  and  addresses  the  repeatability  problem  in 
nonholonomic  systems.  In  redundant  robot  aumlpulators  under  non -conservative 
control  laws  such  as  pseudoinverse  control,  the  problem  translates  to  the  design 
of  closed  workspace  trajectories  that  will  mmp  to  closed  joint  space 
trajectories.  This  will  reduce  the  possibility  of  collision  in  a  clustered 
workspace,  and  will  eliminate  tisie  required  for  reconfiguration.  With  repeatable 
trajectories  space  manipulators  will  be  able  to  perform  repeated  tasks  without 
loosing  their  attitude  in  space.  A  couple  of  associated  problems  that  are  also 
being  addressed  are  related  to  the  stability  of  the  repeatable  trajectors  and  the 
design  of  feedback  control  laws  for  repeatable  motion. 


FLUID  DYMAMICS.  HEAT  TRANSFER  AMD  TDRB«IACHI1IBRY 

Professor  Sarpkaya  has  been  working  on  basic  research  towards  the  understanding 
of  the  fundamental  mechanisms  and  physical  processes  underlying  two-  and  three- 
dimensional  vortex/free-surface  interactions  in  hosiogenaous ,  stratified,  and 
sheared  media,  taking  into  account  ambient  turbulence,  viscous  effects,  and 
various  large-scale  instabilities  (sinusoidal  instability  and  vortex  breakdown) 
for  ship  and  submarine  related  hydrodynamics  in  a  real  ocean  environment  (ONR)  . 
Numerous  physical  experiments  have  been  carried  out  in  a  large  towing  tank  with 
various  lifting  surfaces  and  submerged  bodies  in  homogeneous  and  density- 
stratified  medium.  Second,  experiments  with  single  and  multiple  vortices  have 
been  conducted  in  large  water  basin  using  both  stratified  and  homogenous  SMdium. 
Third,  experiments  have  been  performed  in  a  recirculating  water  tuxmel  with  a 
single  turbulent  vortex.  The  velocity  and  turbulence  measurements  were  siade  with 
a  LDV  system.  The  characteristics  of  the  resulting  surface  scars  have  been 
evaluated  in  terms  of  the  governing  parameters  through  the  use  of  a  Motion 
Analysis  System  and  a  Sun  computer.  Extensive  numerical  analysis  has  been 
performed  and  a  computer  code  has  been  developed  to  predict  numerically  the 
characteristics  of  the  surface  disturbances,  the  energy  spectra,  the  distribution 
of  the  turbulent  kinetic  energy,  and  the  fractal  dimension.  Professor  Sarpkaya, 
under  the  sponsorship  of  the  Naval  Projects  Research  Office  (NPRO) ,  also  has  been 
conducting  computational  and  physical  experiments  towards  the  understanding  of 


255  d 


wak*  collapse  in  stratified  flows.  In  this  work,  a  towing  tank  is  usad  to  tow 
bodies  at  various  speeds  in  an  arbitrary  density-stratified  uadi  tin  and  to  aaaaura 
the  turbulence  intensitives  at  various  locations  as  a  function  of  tiaa.  The 
statistical  analysis  of  the  resulting  data  help  to  dataxaina  tba  generation  and 
propagation  of  internal  waves  and  the  consaquancas  of  wake  colli^sa  on  tba 
distribution  of  turbulent  kinetic  energy. 

Professor  Karto  continued  his  research  on  enhanced  two-phase  heat  transfer.  The 
Influence  of  wall  conductivity  on  fila  condansation  of  staaa  on  a  borisontal 
integral- fin  tube  was  determined.  Additional  nucleate  boiling  data  of  CFC-114 
and  HCFC-124  were  obtained  during  boiling  from  various  enhanced  surfaces.  The 
Influence  of  oil  on  boiling  performance  was  also  studied. 

Professor  Kalleher  has  continued  the  investigation  of  advanced  techniques  for 
liquid  cooling  of  electronic  equipment  tinder  the  sponsorship  of  the  Havel  Surface 
Warfare  Center,  Crane,  Indiana.  A  study  has  been  undertaken  to  investigate  the 
heat  transfer  performance  characteristics  of  internally  finned,  liquid  flow 
through  modules.  As  part  of  this  study  a  large  acale  model  of  the  internally 
finned  flow  passage  has  been  built  to  investigate  the  complex  convective  heat 
transfer  processes  associated  with  internal  flow  in  passages  with  staggered  fins. 
Experiments  are  also  being  conducted  using  actual  flow  through  modules.  In 
attempting  to  understand  the  fundiunental  heat  transfer  processes  Involved  with 
liquid  immersion  cooling  of  electronic  equipaient,  e3q>erlBMnts  on  the  boiling 
characteristics  of  highly  wetting  flourinated  hydrocarbon  liquids  are  also  being 
carried  out.  Professor  Kelleher  has  been  continuing  the  work  on  the  field 
modeling  of  fire  and  smoke  spread  in  confined  spaces.  In  this  work,  finite 
difference  model  to  slsnilate  the  spread  of  fire  and  smoke  in  the  fire  simulation 
experimental  facility  at  the  Naval  Air  Warfare  Center  has  been  developed.  The 
present  version  of  the  model  uses  a  system  of  general  orthogonal  coordinates  so 
that  the  specification  of  the  geometry  is  not  a  major  constraint.  The  code  has 
been  used  to  model  fires  in  the  experimental  facility  currently  in  operation  at 
the  Naval  Air  Warfare  Center,  China  Lake,  CA.  Results  have  been  obtained  for 
simulations  of  fires  in  this  facility  both  with  and  without  a  ventilation  opening 
in  the  side  wall.  Professor  Kelleher  is  also  investigating  the  heat  transfer 
characteristics  of  the  superconducting  magnet  designs  for  use  in  the  Advanced 
Lightweight  Influence  Sweep  System  (ALISS) .  ALISS  is  an  Advanced  Technology 
Demonstration  being  carried  out  by  the  Naval  Surface  Warfare  Center,  Annapolis. 
In  the  present  investigation,  the  magnet  structure  is  being  nuaierically  modeled 
as  an  orthotopic  solid.  The  effects  on  quenching  of  the  heat  leaks  associated 
with  the  electrical  and  structural  connections  are  being  studied. 

Professor  Milsaps'  research  is  concerned  with  several  aspects  of  energy 
conversion,  power  generation  and  propulsion.  The  specific  research  focus  is  on 
fluid/structural  problems  in  gas  turbine  engine  components.  The  snst  recent  «fork 
has  been  on  fluid  induced  synchronous  vibration  probleios  from  rotating,  non- 
uniform  labyrinth  seals.  Simple  lumped  parameter  models.  Computational  Fluid 
Dynamic  (CFD)  and  experimental  methods  were  used.  A  new  experimental  facility 
has  been  designated  to  measure  the  flow  in  advanced  geometry  seals.  LDA  and  hot 
wire  measurements  will  be  made.  In  addition,  an  experimental  and  analytical 
rotodynamics  research  program  has  been  conducted  to  study  various  complex 
vibration  phenomena,  such  as  split  resonance  and  backward  whirl,  induced  by 
asymmetric  systems.  Various  asymmetries  including,  gravity,  journal  bearing 
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Inpar factions,  ate.  hava  baan  Invastigatad.  Rotodynaaie  eoaffleiants  hava 
baan  found  by  using  parasMtar  idantifieation  taebniquas  and  coaparison  of  nodal 
pradictions  to  axpariaantal  rasults.  In  conjunction  with  this  affort,  an 
analytical  invastigation  of  advanead  nagnatie  baaring  concapts  for  naval 
applications  has  baan  conductad.  Tha  usa  of  sMgnatle  baarlngs  in  turbinas, 
pusps,  gaars,  main  propulsion  shafting,  ate.,  in  surfaca  combatants  and 
suboutrinas  can  lead  to  a  significant  raductlon  in  structure -boms  acoustic 
signatures . 


MATERIALS  SCIKNCB 

Professor  Parkins  is  continuing  his  invastigation  of  tha  machanlams  of  lattice 
transformations  and  intamal  friction  in  high-damping  alloys.  Tha  main  objective 
of  this  research  is  to  develop  siodals  to  dallnaata  tha  damping  machanlsaw  in 
certain  so-called  "quiet  metals".  Tha  ultimata  aim  is  to  develop,  on  tha 
microscopic  and  s\ib -microscopic  level,  an  unified  mechanistic  nodal  for  tha 
dasqtlng  behavior  of  high  daaplng  alloys.  Since  rasults  to  data  indicate  that 
dasplng  in  thesa  alloys  is  always  linked  to  phase  transformations  (idilch  may  bo 
Biagnatlc  transitions,  lattlco-dlsplaciva  transformations,  or  disffusional 
transformations)  ,  and  more  particularly  to  boundaries  «diich  result  from  such 
transformations,  a  loajor  objoctlva  is  to  doflna  tha  mlcrostructural  features 
which  play  a  role  in  tha  damping  machanlasM. 

Professor  MCKallay  has  initiated  a  cooperative  research  and  development  (CRASA) 
program  in  processing  of  alumlntim-basad  mntal  matrix  cosposita  material  with 
funding  from  Duralcan-USA,  a  composites  manufacturer  located  in  San  Diego,  CA. 
This  work  has  involved  the  adaptation  of  processing  methodologies  developed  at 
the  Haval  Postgraduate  School  to  the  manufacture  of  such  coaposite  materials. 
It  is  now  possible  to  achieve  strength/ductility  cosdainatlons  in  metal  matrix 
cosposites  which  are  comparable  of  those  of  unreinforced  swterlals,  thus 
dispelling  the  notion  that  these  composites  are  inherently  brittle.  This  program 
will  atteopt  to  transfer  technology  from  the  Departswnt  of  Defense  to  Industry 
while  simultaneously  enhancing  the  utility  of  these  materials  in  military 
systems .  Research  into  processing  and  superplasticity  in  aluminum  alloys  as  well 
as  sensor  development  for  the  intelligent  heat  treating  of  materials  has  also 
continued.  The  work  on  superplastic  aluminum  has  focused  on  the  evolution  during 
processing  of  grain  boundary  types  necessary  for  oxtenslve  superplastic  response. 
A  sensor  system  has  been  developed  that  can  a»nltor  in  real  time  the  aging 
response  of  age-hardenable  materials.  In  conjunction  with  a  controller,  such  a 
sensor  system  will  allow  more  precise  control  of  heat  treatamnt  processes  and 
thereby  reduce  materials  variability  idtlle  improving  system  reliability. 

Professor  Fox  has  been  continuing  his  work  in  collaboration  with  the  Annapolis 
Detachment  of  the  Carderock  Division  of  the  Naval  Surface  Warfare  Center  on  the 
correlations  between  mechanical  properties  and  sd-crostructura  of  Navy  high 
strength  steels  and  their  weldsMnts  so  that  new  weld  consuswbles  and  parent 
steels  for  Naval  applications  can  be  developed.  In  addition,  two  projects  arc 
being  undertaken  in  collaboration  with  the  Naval  Air  Warfare  Center,  Warminster, 
PA.  The  first  involves  the  characterisation  of  the  hot  salt  corrosion  of  silicon 
carbide  fiber-reinforced  glass  cerasiic  aiatrix  composites  idilch  are  potential 
lightweight  replacements  for  nickel-based  superalloys  in  high  taaiperature  aaro- 
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•ngine  applications  and  the  second  concerns  the  ad-crostructural  characterisation 
of  new  high  temperature  intermetallic  alloys  (including  TiAl)  and  NiAJL)  using  now 
Biethods  in  x-ray  and  electron  diffraction.  This  latter  project  is  also  support 
by  the  Materials  Development  Branch  of  the  Wright  Patterson  Air  Pores  Base, 
Dayton,  OH. 

Professor  Outta's  research  activities  focus  on  two  different  areas.  The  first 
area  comprises  analytical  and  exporlmantal  studies  of  the  thermo -mechanical 
behavior  of  metal-matrix  composites,  including  elevated  tesperature  creep  and 
thermal  cycling  response  and  matrix  aging  characteristics.  The  second  area 
consists  of  studies  of  adhesion  and  residual  stresses  in  thin  films  on  cerasd-c 
and  semi-conductor  substrates  for  electronic  packaging  applications.  In  the  area 
of  adhesion,  he  has  recently  developed  a  new  test  for  measurement  of  the  adhesive 
strength  of  interfaces,  which  he  is  currently  applying  to  a  wide  variety  of  film- 
substrate  systems  including  gold-alimlnum  nitride  and  diamond-silicon.  The 
program  has  been  supported  in  the  past  by  the  Naval  Surface  Warfare  Center-Crane 
Division,  the  Naval  Air  Warfare  Center-Aircraft  Division  (Indianapolis) ,  and 
NCCOSCRDT&E  Division  (NRaD) .  He  is  also  investigating  the  metallization  of 
diamond  films  for  electronics  applications  with  support  from  NSWC- Crane  Division. 
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SmUFACgSHIP  COMBAT  SDRVIVABILITY 
C.N.  Calvano,  Associate  Professor 
D^artaent  of  Mechanical  Engineering 
Sponsor  and  Funding:  Haval  Sea  Systeges  Coaaand 


OBJSCTIVI:  Conduct  literatur* 
saarchas  and  paraonnal  contacts  to 
locata  both  historical  and  currant 
matarials  to  parmit  davalopmant  of  a 
survay  of  combat  survivability  of 
surfaca  warships.  Bagin  the 
davalopmant  of  a  databasa  of  such 
information  to  support  furthar 
rasaarch  into  mathods  of  is^roving 
total  warship  survivability. 

SUMKART:  Numarous  docximents  and 
racords  daallng  with  Incidants  of 
warship  damaga  exist.  A  search  of 
the  MPS  library  and  liaison  with 
cognizant  Navy  experts  at  the 
Cardarock  Division  of  the  Naval 
Surfaca  Warfare  Center  and  the  Naval 
Sea  Systems  Command  have  resulted  in 
the  obtaining  of  several  hundred 
potentially  relevant  docviments.  A 
coii^>leta  set  of  World  War  XZ  after- 
action  damage  reports  has  been 
obtained.  Ultimately,  these 
resources  will  be  examined  for 
information  concerning  damaga 
mechanisms  experienced  as  wall  as 


design  features  incorporated  in 
warships  to  siinistisa  and  avoid 
dasiaga.  The  refarancas  will  form  a 
major  basis  for  research  which  will 
describe  survivability  principles  and 
factors  affecting  it  as  well  as 
address  the  incorporation  of 
survivability  discipline  in  the 
warship  design  process.  A  databasa 
for  summaries  of  information  in  the 
references  was  created,  with 
approximately  200  of  the  references 
being  catalogued  to  date. 

OTHER:  A  two  hour  modulo  on 
Designing  for  Warship  Survivability 
has  been  Introduced  into  NFS  course 
TS3002,  and  is  based,  in  part,  on 
information  gathered  as  part  of  this 
project. 

DOD  KBT  TRCHHOUXnr  AREA:  Other. 

KEZWORDS:  Combat  Survivability, 
Warship  Effectiveness,  Warship 
Design. 
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at.  Colaaa,  Professor 
J.H.  Gordls,  Assistant  Professor 
Department  of  Mechanical  Engineering 
Sponsor  and  Funding:  Naval  Surface  Weapons  Center 


OBJBCTXVS:  Th«  goal  of  thla  pro j act 
waa  to  undaratand  tha  dynamlca  of  tha 
Phalanx  CNIS  gun,  with  tha  Intant  of 
pradlctlng  and  aubaaquantly 
corracting  tha  unaccaptabla  round 
diaparalon  axhlbltad  In  taat  flrlnga. 

OBJSCTIVB:  Tha  unaccaptabla 
diaparaion  of  rounda  axhibitad  in 
taat  flrlnga  of  tha  Phalanx  CNIS 
motivatad  tha  atudy  of  tha  atructural 
dynaoilca  of  tha  gun.  A  datailad 
flnita  alamant  modal  of  tha  gun  waa 
built,  baaad  on  daalgn  Input  from  tha 
gun' a  manufacturar  and  from 
Inapactlon  of  an  actual  gun.  Tha 
modal  allowad  tha  calculation  of  tha 
normal  modaa  of  vibration  for  tha 
nonrotating  gun,  and  tranalant 
dynamic  raaponaa  to  almulatad  round 
firing  (75  Hz.  firing  rata)  waa 
ealeulatad.  Tha  flnita  alamant  modal 
allowad,  for  tha  flrat  tlma  In  tha 
guna  30  yaar  anginaaring  history,  tha 
diagnosis  of  tha  dynamics  of  tha 
braach  aasambly  support  In  bearings, 
Inslda  tha  gun  housing.  Tha 
calculated  normal  mode  shapes 
provided  valuable  Insight  Into 
possible  structural  mechanisms 
leading  to  round  dispersion.  In 


fact,  tha  finite  alamant  analysis 
results  idantlflad  tha  bearings  as 
likely  causes  of  round  dispersion  due 
to  tha  flexibility  associated  with 
tha  bearing  load  paths. 

COHFBUOKai  PSSSXRATiaW:  Results 
ware  presented  at  a  joint 
Mavy/Industry  Phalanx  Design  Review 
meeting . 

THRSIS  DIRRCIRD:  Macnail,  Donald, 
P.,  "Normal  Modes  of  Oscillation  of 
tha  Vulcan  Phalanx  Close-In  Naapon 
System,"  Master's  Thesis,  June  1993. 

Patarschmldt ,  John  C . ,  "Normal  Modes 
of  Vibration  of  tha  Phalanx  Oun, " 
Master's  Thesis,  June  1993. 

OXHRR:  This  phase  of  the  project 
received  letters  of  "Recognition  of 
Bxcallenca,"  from  tha  Naval  Surface 
Warfare  Canter,  Port  Huanama  and 
Dahlgran  Divisions. 

JKO  KKT  TBCHHODOOT  ARXAx  Other. 

KRTNORDS:  Structural  Dynamics, 
Phalanx,  Vulcan,  CNIS. 
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TSg~A-427  KNGHIE  FOP.  NOZgLB  MOTIFICATKMf 
R.  Crooks,  Adjunct  Professor 
Departaent  of  Mechanical  Kngineering 
Sponsor  and  Funding:  Naval  Air  Warfare  Aircraft  Division, 

Patuxent  River,  MD 


OBJSCTZVI:  Th«  goal  o£  this  atudy 
was  to  avaluata  maans  of  pravantlng 
tha  blockaga  in  fual  nozzlaa  dua  to 
coking  of  JP-5  fual  which  occurs  at 
taziparaturas  abova  300<*F.  This 
pro j act  was  Inltiatad  in  1991  and  is 
to  bo  continuod  in  1994. 

SOSSaST:  Oporatlonal  of factlvanass 
of  tha  T56-A-427  angina  usad  in  BC- 
2C-f  has  baan  advarsaly  affoctad  by 
coking  of  JP-5  in  fual  nozzlas  during 
thanzal  soakback  aftar  shutdown.  Tha 
coking  occurs  as  oxidlzod  fual 
adhoras  to  tha  stainloss  staal, 
avantually  blocking  fuel  nozzlas 
passages.  Pralizilnary  efforts 
focussed  on  assassnent  of  coking 
parasiatars  and  design  of  a  system  to 
avaluata  modified  nozzle  surfaces. 
It  was  datarmlnad  that  tha  fual 
contributing  to  blockaga  is 
approximately  1  ml  par  cycle. 
Measurable  blockaga  is  observed  after 
30  cycles,  with  removing  and  cleaning 
necessary  as  early  as  100  cycles  vs. 
tha  design  requirement  of  3000 
cycles.  During  1993  we  usad  a 
conputar  data  acquisition  and  control 
system  to  siziulate  thermal  cycle 
conditions  at  the  fuel  nozzle  swirl 
plate,  where  blockage  occurs.  In  the 


test  apparatus  1  zil  of  fuel  is 
injected  into  a  chamber  at  room 
temperature.  One  and  of  the  chamber 
has  a  provision  for  attachment  of 
samples  which  serve  as  ejqperlmental 
swirl  plates,  and  heating  eleaiants 
are  clanged  to  the  outside  of  the 
chamber.  The  fuel  in  tha  chamber  is 
heated  to  temperatures  and  at  rates 
to  match  tha  conditions  observed  at 
the  PAX  River  Telezietry  Center, 
during  evaluation  of  soakback  in  the 
T-56-A-427  engine  of  the  B-2C-«-.  Tha 
thermal  exposure  is  followed  by  a 
purge.  These  three  stages  represent 
one  cycle.  We  collaborated  with 
commercial  zianufacturers  of  non-stick 
coatings  during  1993,  and  began 
evaluation  of  a  coating  specially 
developed  by  General  Blectric  for 
lsq;>rovad  coking  resistance. 

OTHBRt  Results  and  program  plans 
were  reviewed  during  an  on-site 
Bieeting  with  representatives  of  Naval 
Air  Systems  Command  and  NAWC,  PAX 
River . 

DOD  KX7  TBCBMOLOGT  ARKA:  Materials 
and  Processes. 

KBXNORDS:  Coatings,  Fuel,  Bngina. 
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ANALYSIS  OF  THRUST  VBCTOR  (TVC)  SYSTEM 
N.  Driels,  Professor 
Departs«nt  of  Neclumlcel  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJSCTIVS:  This  work  was  to 
consolidate  earlier,  reinburaable 
funded  studies  to  determine 
convective  heat  transfer  coefficients 
for  TVC  control  vanes. 
Identification  of  such  coefficients 
from  small  scale  (25%  full  size) 
tests,  which  may  then  be  scaled  up  to 
full  size,  could  offer  considerable 
savings  in  experimental  test  and 
evaluation  programs. 

SnsmRT:  The  research  develops  a 
computer  based  model  that  would  allow 
for  the  determination  of  transient 
thermal  response  characteristics  of 
jet  vanes  of  any  size.  The  model 
used  a  thenoal  lumped  parameter 
approach,  considering  only  the 
conductive  and  convective  heat 
transfer  properties.  A  constrained 
optimizer  was  used  to  adjust  the 
unknown  variables  in  the  model  tuitil 
an  adequate  match  was  achieved 
between  the  calculated  teiiq>eratures 
from  the  energy  balance  equations, 
and  the  experimental  values  obtained 
from  test  firings  of  rocket  motors. 

The  full  scale  modeling  results  were 
compared  to  those  from  full  scale  in 
an  attesqpt  to  determine  the 
applicability  of  scaling  25%  tests  to 
full  scale.  It  was  determined  that 


the  sziall  scale  vanes  did  not  provide 
an  accurate  representation  of  the 
heat  transfer  process  in  larger  scale 
vanes,  although  the  largo  scale  model 
did  provide  an  accurate 
representation  of  the  heat  transfer 
process . 

OTEXR:  Parker,  A.,  Oriels,  M. ,  and 
Danielson,  D.,  "Scale  Effects  on  the 
Identification  of  Convective  Heat 
Transfer  Coefficients  for  Thrust 
Vector  Control  Vanes,"  Transactions 
AIAA.  in  review. 

CGMnRHHCH  PHHSBRATXaHS t  Oriels,  M. 
and  Danielson,  D.,  "Testing  and 
Analysis  of  Heat  Transfer  in 
Materials  Exposed  to  Non -Me tail! zed 
HTPB  Propellant,"  1992  JAMMAT  Rocket 
Nozzle  Technology  Sub-Cosamittee 
Meeting,  Sxinnyvale,  CA,  December 
1992. 

THESIS  DIRECTED:  Parker,  A.,  LCDR, 
DSN,  "Heat  Transfer  Parametric  System 
Identification,"  Master's  Thesis, 
June  1993 . 

DOD  KET  TECHHOLOOr  AREA:  Materials 
and  Processes,  Propulsion  and  Energy. 

KEYWORDS:  Thrust  Vector  Control,  Jet 
Vane,  STARS. 
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FORCE  OVERRIDE  RATE  CONTROL  FOR  RBiOTE  MAMIPDIATIOM 

M.  Drlels,  Professor 
Department  of  Mechanical  Engineering 
Sponsor  and  Funding:  NASA,  Johnson  Space  Center 


OBJSCTZVK:  This  work  is  dirsctad 
towards  tho  dasign  o£  a  forca  control 
systam  for  manipulating  raokota 
objacts,  which  will  ovarlay  a 
currantly  installad  rata  control 
systam,  such  as  may  ba  found  on  tha 
Shuttla  (STS)  ramota  manipulator 
systam  (RMS)  .  Two  aspacts  of  tha 
problam  wara  studiad:  (1)  tha  dasign 
of  a  noval  forca  transducar,  and  (2) 
tha  ijq>lamantation  of  a  3  DOF  forca 
control  systam. 

SUMMRRT:  Tha  first  part  of  tho  work 
discussos  tha  dasign,  construction 
and  calibration  of  two  forca/torqua 
transducar  for  usa  in  a  forca  control 
ovarrida  of  a  rata  control  systam. 
Pra-loadod  forca  sansing  rosistors 
wara  simulatad  in  a  cosqputar  modal  to 
datarmino  tho  numbar  and  location  of 
sansors  naadad  to  rasolva  thraa 
forcas  and  thraa  momants,  and 
corrospondlng  lavols  of  rodundancy 
datarmlnod.  Prototypas  of  a  roducad 
ordor  modal  sansing  thraa  forcas  and 
ono  mosiant  wara  constructad  and 
tastad. 

A  forca  ovarrida  control  system  was 
ioqplamanted  on  a  PDMA  560  robot 
msmipulator  in  three  axes.  The 
systam  consisted  of  the  necessary 
sensors,  hardware  and  software  to 


enable  one  person  to  operate  tho 
manipulator  with  \mi lateral  forca 
ovarrida  of  rata  control.  A 
coiqparlson  of  thaoratlcal  and 
axparlmantal  responses  to  control 
Inputs  conflrmad  tho  affect  of  systam 
gain  on  performance. 

OXHXR:  Drlals,  M. ,  "Dasign  of  a  Rata 
and  Forca  Control  Schama  for  Robot 
Manipulators,"  Transactions  in  AS  MR 
Journal  of  M*"h»w<<^al  Design.  in 
review. 

COHRRBKS  PRBSnXATXOM:  Drials,  M., 
"Forca  Override  Rata  Control  Systam 
Dasign,"  Space  Operations, 
Applications  and  Research  Symposium, 
NASA  JSC,  August  1993. 

THKSRS  DISBCTID:  Ondry,  D.,  LCDR, 
USH,  "Three  Axis  Forca  Ovarrida  Rata 
Control  of  a  PUNA  560  Manipulator, " 
Master's  Thesis,  March  1993. 

Gunzel,  C.,  LCDR,  USN,  "Designing  a 
Force -Torqua  Transducar  for  a  Force 
Override  Rata  Control  System, " 
Masters's  Thesis,  June  1993. 

DOD  KMT  TBCHMOLOGT  ASIA:  Software, 
Sensors,  Human-System  Interface. 

KSmORDS:  Sansors,  Forca  Control, 
Robots ,  Manipulation . 
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ngROVKP  TARorr  acquisition  algoiu 


I**:'. 


JEgR 


/.'.L'i: 


(A) 


N.  riel*.  Profeasor 
Diq^artaant  Naehaalcal  Bnglneaxring 
Sponaor  and  Ful  17. S.  Any.  TRADOC  Montaray 


(»jaCTXVBt  JAMUS  la  a  coobat 
siaulation  program  for  armorad 
vahiclaa  and  infantry,  which  uaas  a 
terrain  data  baaa  wharo  each 
topological  alaaiont  la  a  aquara  of 
alda  100  aiatara.  To  Inprova  accuracy 
of  combat  angagaaMnta,  a  databaaa  of 
1  matar  raaolutlon  haa  baan 
davalopad.  Tha  project' a  objactiva 
ia  to  datarmlna  tha  affect  of  tha 
higher  raaolutlon  databaaa  on  tha 
target  detection  and  acqulaition 
algor  ithaia . 

SOaihKTx  Tha  raaaarch  haa  enhanced 
tha  TRADOC  Analyaia  Coaatand'a  JAMDS 
(A)  aianilatlon  ayatam'a  detection 
aiodal  by  Incorporating  new  algorithma 
and  data  that  more  cloaaly 
approximata  real  world  combat -target 
acqulaition  performance.  Data 
includaa  that  available  from  TEXC(»I 


Bs^arimantation  Canter' a  Pagaaua  high 
raaolutlon  terrain  and  target 
replicator  databaaaa.  Tha  project 
followa  tha  modal-teat  paradlgmt  (1) 
target  acqulaition  modala  for  viaual 
and  aanaor  aided  acqulaition  have 
boon  davalopad  and  incorporatod  into 
JANUS;  (2)  actual  targat  acqulaition 
parfonaanca  data  haa  baan  collated 
during  lOTS  of  tha  Javelin  ayatam  and 
uaad  to  teat  modal  praciaion  and 
validity,  and,  baaed  on  thoaa  raaulta 
(3)  tha  modala  have  baan  further 
enhance''  'ncraaaa  their  real-world 
accurt 

Doo  or  TacmRa.oor  asbax  software, 
Coaputara,  Huawn-Syatam  Intorfacaa. 

UnKHIDSx  Slmultitirn,  Uj-ct^atic 
Bnvironmanta,  Combat  Mocila. 
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MlCatOSTOTCTDRB-PROPERTy-PKOCESSlllG  REIATIOliSHlP  Of 
METAI.  HXTOTI  CC3MPOSITKS 
I.  Dutta,  Associate  Professor 
Departaent  of  Mechanical  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 
(NSNC-Nhlte  Oak,  DFR) 


OBJSCTZVBx  To  Invoatlgat* 
alerostructural  dovolopmaiit  In  natal 
natrlx  conposltas  and  to  dataxmlna 
tha  affaet  of  CTB  alsaatch  on  tha 
propartlas  of  MNCs  from  a  maehanlatlc 
standpoint . 

sasmnrx  Tha  affaet  of  ralnforcamant 
distributions  and  proeassing 
conditions  on  tha  aarly  stagas  of 
pracipltatlon  in  cosfposlta  aiatrlcas 
(2014  A1  and  6061  Al)  has  baan 
studlad.  Rasldual  strass  avolution 
as  a  fimetion  of  proeassing  and  its 
affaet  on  naehanleal  propartlas  undar 
aonotonle  loading  and  tharmal  cycling 
conditions  hava  baan  invastlgatad  for 
both  dlseontlnuously  and  continuously 
ralnforcad  aluminum-matrix 
cooposltas.  Machanical  proparty 
davalopmant  as  a  function  of 
proeassing  history  has  also  boon 
avaluatad.  Tha  ijq>ortanco  of  this 
pro  j  act  to  tha  Navy  and  tha 
selantlflc  consamlty  lias  in  proper 
design  of  thormo-machanlcal 
troatmants  to  optimize  tharmo- 
SMchanlcal  propartlas  in  these 
materials. 

POBfcICATICaW;  Dutta,  I.,  Sims,  J.D., 
and  Salganthaler,  D.M.,  "An 
Analytical  Study  of  Residual  Strass 
Bffacts  on  nnlaxial  Dafonsatlon  of 
Nhlskar  Ralnforcad  Metal -Matrix 
Composltos,"  Acta  Matalluroica  at 
Matarialia.  Vol.  41,  p.  885,  1993. 


Dutta,  I.,  Mltra,  S.,  and  Niast, 
A.D.,  "Soma  Bffacts  of  ThorsMl 
Rasldual  Stresses  on  tha  Strain 
Rasponaa  of  Graph! to -Aluminum 
Craposltas  during  Tharmal  Cycling  in 
Residual  Stresses  in  Composltos- 
Maasxiramant,  Modeling  and  Bffact  on 
Thermo -Mechanical  Propartlas,"  in 
Proeaadings  of  tha  122nd  TMS-AZMB 
Axmual  Mooting,  pp.  273-292,  1993. 

Dutta,  I.,  Harper,  C.P.,  and  Dutta, 
G.,  "Role  of  AljOj  Partlculato 
RainforcosMnt  CoBB>ositos, "  Metallic 
Tranaaetions  A.  accepted. 

OIHBRt  Dutta,  I.,  Dlvacha,  A.P.  and 
Kanaarkar,  S.D.,  "Processing, 
Mierostruetura  and  Properties  of 
Cantrlfugally  Cast  Al-SiCp 
Coavositas,"  in  preparation  for 
Advanced  Maf rials  and  Processes. 

THESIS  DIRBCTBDt  Muller,  X.A., 
"Bffact  of  Post-Fabrication 
Processing  on  tha  Tonsilo  Properties 
of  Cantrlfugally  Cast  SiC  Particulate 
Reinforced  Aluminum  Composites," 
Master's  Thesis,  Saptaadbar  1993. 

DOD  BBT  TBCBMOLOGT  ABBA:  Materials 
and  Processes. 

RBTMORDS:  Coapositos,  Processing, 
Machanical  Propartlas,  Aging, 
Mierostruetura,  Residual  Stresses. 
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gHABXCTTOgATIOif  OF  ALOMCTUN  MITRIPg  8TOSTRAT18  MO 
THIN  Fim-ALTOmroM  WITRIDK  HTTOFACIS  FOR  ELICTHOWIC 

PACKAQIlig  APPLICATIONS 
I.  Dutta,  Asslatant  Profeaaor 
Dapartaant  of  Machanlcal  Bnglnaarlng 
Sponsor  and  Funding:  Naval  Naapona  Support  C«itar,  Crana 
Naval  Air  Warfara  Cantar,  Indlanapolla 
NCCOSC-SDT6B  Division,  San  Diago 


OBJBCTXVIt  To  corrolat*  proeosalng, 
Bleroatructiira  and  propartlaa  In 
aluadnuB  nltrida  aubatratoa  and 
aubatrata- coating  intarfaeaa. 

SOSIXKTi  Tha  alntarlng  klnatlca  in 
liquid  phaaa  aintarad  aluadnun 
nitrlda  bulk  placaa  hava  baan 
Invaatlgatad  to  optiadsa  procaaaing 
paraaatara  with  raapact  to  raaultant 
adcroatructural  ehangaa  and  thanaal 
conductivity.  A  machanlcal  taat  to 
maaaura  adhaaion  batwaan  coatinga  and 
caraadc  atabatrataa  ia  baing 
davalopad,  including  both  thaoratical 
and  axparimantal  approachaa . 
Raaidual  atraaa  ganaration  in 
matalliiationa  on  AIN  ia  baing 
invaatlgatad  via  X-ray  diffraction 
tachnlquaa  function  of  procaaa 
paramatara.  Tha  focua  ia  to  optiaiiaa 
raaidual  atraaaaa  in  thin  film 
BMtalllaatlona  and  thair  adhaaion  to 
tha  caraadc  aubatrataa  for  alactronlc 
packaging  appllcationa. 

PDBLXCATIOHSx  Dutta,  X.,  Nitra,  S., 
and  Cooper,  J.H.,  "Procaaa-Dapandanca 
of  Mlcroatructura  and  Propartlaa  of 
Sintarad  Aluailnum  Nitrlda  Subatrata 
Matariala  for  Klactronic  Packaging 
Natarlala  Sclanca,"  in  Procaadlnga  of 
tha  Mat.  Raa.  Syaqpoaium,  Vol.  264,  p. 
395,  1992. 

Dutta,  I.,  Laacuraln,  D.,  and  Sacor, 
S.D.,  "A  Conatant  Depth  Scratch  Taat 
for  the  Maaauramant  of  Adhaaion  at 
Pilm-Stibatrata  Intarfaeaa,  ”  Matariala 


Weak  *  93 .  in  Procaadlnga  of  tha 
Joint  TMS/ASM  Fall  Meeting, 
Pittaburgh,  October  1993 . 

PATBRt  Dutta,  I.  and  Laacuraln,  D., 
"A  Conatant-Dapth  Scratch  Taat  for 
tha  Quantification  of  Intarfaeial 
Shear  Strangtha,”  Patent  Application 
»MC75,747,  filed  Auguat  1993. 

THKSKS  DXRSCTBDs  Laacuraln,  D., 
"DavalopaMnt  of  a  Scratch  Taat 
Apparatua  to  Bvaluata  Intarfaeial 
Adhaaion  at  Matalliaatlona  on  Ceramic 
Subatrataa,"  Maatar'a  Thaaia, 
expected  March  1994. 

Sector,  D.,  "Bvaluatlon  of  tha  Shear 
Strength  of  Matalliaation-Subatrata 
Intarfaeaa  by  Conatant-Dapth  Scratch 
Taating,”  Maatar'a  Thaaia,  Daeambar 
1993. 

OTHSRi  Mltra,  S.,  Dutta,  O.,  and 
Dutta,  I.,  "Bffact  of  Procaaaing 
Conditiona  on  tha  Mlcroatructura  and 
Propartlaa  of  Danaa  Aluminum  Nitrlda 
Sintarad  with  YjOj  Dopanta,"  Journal 
of  Amar,'»«^*  rmi-mm.  Society,  in  review. 


DOD  Kxr  TBCBMOLOOr  ARBAt  Matariala 
and  Procaaaaa. 

KBXSORDSt  Scratch  taat,  Intarfaeial 
adhaaion,  Matalliaatlona,  Coatinga, 
Thin  Fllma,  Caramlc  Subatrataa, 
Raaidual  Straaaaa,  Blaetroniea 
Packaging . 
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A.  gqWjmTIVg  UTOQP  fQR  TH8  ACCDK^TB  MKASURMIIT  OF 
STRUCTUiUg  FACTORS  MB)  CHMtGK  DEHSITIgS  OF  IliTginilTMJ.IC  AIJ.OTS 

A.G.  Fox#  Aasoelato  Profossor 
Departaant  of  Machazilcal  Engineering 
Spomaore  and  Funding:  Department  of  Energy  and 
Naval  Air  Development  Center 


OBJacrZVXt  to  accxiratoly  aaaaura  tha 
low-angla  atructura  factora  of 
alaaMnta  and  Intorawtallic  alloya  by 
varloua  diffraction  aathoda  ao  that 
thair  alactronlc  bonding  machanlaaM 
can  ba  invaatigatad . 

SOBOkRT:  A  knowladga  of  tha 
dlatrlbutlon  of  bonding  alactrona  in 
aolida  can  giva  iaqportant  information 
about  thair  phyaical  propartlaa.  Ona 
way  to  gain  auch  knowladga  ia  to 
accurataly  maaaura  tha  low-angla 
atructura  factora  by  aoma  maana#  and 
than  uaa  thaaa  to  ganarata  mapa  of 
tha  alactron  charga  dlatrlbutiona. 
In  tha  praaant  work  alactron 
diffraction  haa  baan  uaad  to  maaaura 
tha  low-angla  atructura  factora  of 
SHlAl.  and  an  alactron  charga 
dlatrlbutlon  haa  baan  ganaratad  for 
thla  alloy  and  liqportant  bonding 
information  haa  amargad.  During  1991 
x-ray  diffraction  work  commancad  on 
tha  TlAl  ayatam  and  in  1992 
contlnuad  ao  that  accurata  valuaa  of 
tha  lattlca  paramatara  and  Dabya- 
Wallar  factor  of  TlAl  wara  obtainad. 
During  tha  laat  quartar  of  1992  and 
during  1993  alactron  diffraction 
maaauramanta  of  tha  low-angla 
atructura  factora  of  TiAl  wara  mada 
on  tha  1.5  MaV  high  voltaga  alactron 
mlcroacopa  (HV8M)  at  tha  Dnlvaralty 
of  California,  Barkalay  and  on  tha 
3.0  MaV  HVEN  at  CBMBS/LOB  du  CRMS, 
Toulouaa,  Franca.  Thaaa  raaulta  hava 
now  baan  imalyzad  and  publicationa 
ara  now  boginning  to  mmmrgm  aa  ahown 
balow. 

PPBIJCATIOeSt  Fox,  A.O.,  "Tha  Bloc- 
tron  Charga  Dlatrlbutlon  of 
Chromium, "  Phlloaonhlcal  Maaaalna  B. 


Vol.  68,  pp.  275-283,  1993. 

Fox,  A.O.,  "Ia  it  Faaalbla  to 
Datarmlna  tha  Bonding  Charga  Danalty 
of  TlAl  Through  Structura  Factor 
Maaauramanta,  ■  Phlloaonhlcal  Maaaalna 
Lattara.  Vol.  68,  pp.  29-37,  1993. 

Fox,  A.G.,  "Blactron  Diffraction 
Studlaa  Ravaal  Bonding  Machanlaaw  in 
Many  Cryatalllna  Sollda, "  Raaaarch 
Highlight  publlahad  by  tha  Lawranca 
Barkalay  Laboratory,  Onlvoralty  of 
California,  Barkalay,  1993 . 

OQHFKRIMCX  PRMBBRATIOMBt  Fox,  A.O. , 
Lu,  Z.-W.,  Zungar,  A.,  and  da 
Fontaina,  D.,  "Structura  Factora  and 
Charga  Danalty  of  TlAl:  a  Coeparlaon 
of  Ab  Initio  Local  Danalty 
Calculatlona  with  Data  from  Blactron 
Diffraction  Bxparimanta , ■  Blactron 
Microacopy  and  Analyala  Group  '93 
Maating,  Livarpool,  Bngland,  14-17 
Saptambar  1993 . 

Fox,  A.O.,  "Bonding  Charga  Danaltiaa 
Maaaurad  by  Blactron  Diffraction, " 
Contra  D'Blaboratlon  do  Matorla:ix  at 
Datudaa  Structuralaa,  Laboratolra 
D'Optiqua  Blactroniqua  du  Contra 
National  do  la  Rocharcao 
Sciontiflquo,  Toulouaa,  Franco,  25 
Juno  1993. 

Fox,  A.O.,  "Tha  Bonding  Charga 
Danalty  of  TlAl, "  Naval  Air 
Davolopawnt  Cantor,  Wanalnatar,  PA,  9 
Auguat  1993. 

DOO  KBT  TBCHMOLOGT  ABBA:  Matarlala 
and  Procoaaaa. 

KBTNORTOs  Blactron  Diffraction, 
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Chang*  D*naiti*a. 
Alloy* . 


Int*rm*talllc 


mCROSTRUCTDRBS  AHD  MBrHAMTrxi.  PROPERTIES  OF  HIGH- 
STREMOTH.  T.niM-At.T^Y  fHSLAl  STBEI.S  AMD  THKIR  1IELDP«MTfl 
A.O.  Fox,  Associate  Professor 
Department  of  Mechanical  Engineering 
Sponsors  and  Funding;  Annapolis  DetacfasMnt, 
Carderock  Division  of  the  Naval  Surface  Warfare  Center,  MD 


OBJSCTXVS:  To  Invastlgat*  th* 
alcroatructur*  and  machanlcal 
propartioa  o£  HY  and  HSLA  80-130 
a*rlaa  ataala  and  thair  waldmanta  to 
avaluata  naw  wald  conauaiablaa  and 
parant  ataala  for  Naval  ahlpbulldlng 
application* . 

SOSMAST:  In  raeant  yaara  tha  n.S. 
Navy  haa  baan  raplaeing  th*  HY80-100 
aarlaa  of  high  atrangth  alloy  ataala 
with  thalr  high  atrangth,  low-alloy 
(BShA)  aquivalanta.  Thl*  ia  balng 
don*  bacaua*  tha  atrlngant  wald 
prahaat  raquiramanta  aaaoelatad  with 
th*  HY  ataala  ar*  not  nacaaaary  for 
th*  HSLA  aarlaa.  So,  daspit*  th* 
highar  manufacturing  coat*  of  hlgh- 
atrangth,  low-alloy  ataala,  tha  U.S. 
Navy  ahould  maka  algnlflcant  aavlnga 
by  changing  ovar  to  HSLA  or  ultra  low 
carbon  bainltlc  (ULCB)  ataala  for 
ahip  and  aubaiarlna  conatructlon.  In 
addition,  th*  Navy' a  atrlngant 
raqulramant  that  wald  matal  hav*  tha 
aaat*  atrangth  aa  tha  baae  plat* 
praaanta  an  intaraatlng  challang*  in 
wald  wlr*  davalopmant  for  both  HSLA 
and  HY  ataala.  Thia  pro j act  alaia  to 
aupport  thaaa  objactlvaa  with 
fundamantal  phyalcal  metallurgy 
atudiaa  at  NPS.  Thia  project  waa 
vary  auccaaaful  with  three  Maatara 
Thaaaa  coiq>leted  in  1992,  on* 
publication  and  one  NPS  Technical 
Report  conplatad  and  one  confaranc* 
proceeding  praaentad.  In  addition, 
Profaaaor  S.D.  Bhola  of  Regina 
Xhilvaralty,  Saakatchawan,  Canada 


viaitad  NPS  for  aix  month*  during 
1993  to  aaalat  with  thia  project. 

PUBLICATIOM:  Bhola,  S.D.  and  Pox, 
A.G.,  ■Soat*  Intaraatlng  Mlcro- 
atructuraa  in  vary  Low  Carbon  High 
Manganaa*  Microalloyad  Steal*," 
Scrlnta  Matallurolca.  Vol.  29,  pp. 
1391-1396,  1993. 

Fox,  A.G.  and  Bhola,  S.D.,  "Tha 
Influence  of  TIG  Holding  Tharmal 
Cyclaa  on  HSLA- 100  Stool  Plata,"  NPS 
Technical  Report  NPS-llX-93-008, 
November  1993. 

COHFERBHCB  PRSSBSTATXOWs  Bhola,  S.D. 
and  Pox,  A.G.,  "Tha  Influence  of  TIG 
Holding  Tharmal  Cyclaa  on  BSLA-100 
Stool  Plata,  ”  95th  Canadian  Inatltut* 
of  Matoriala  Annual  Moating,  Calgary, 
Alborta,  Canada,  9-12  Nay  1993. 

THXSBS  DUtXCTXDx  Butlar,  D.I.,  LT, 
DSN,  "Th*  Quantltatlv* 
Microatructural  Charactorlxatlon  of 
Multipaaa  TIG  ULCB  Holdmanta  and 
Correlation  with  Mechanical 
Propartioa,"  Maatar'a  Thoaia, 
Septambor  1993. 

Saraiva,  R.A.,  LT,  DSN,  "Tha  Study  of 
Singlo-Paaa  GMA  Hold*  with  Dif  foranc* 
Cover  Gaa  Compoaition  on  HSLA- 100 
Steal,"  Maatar'a  Thoaia,  Saptambor 
1993. 
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Kattoll,  K.H.,  LT,  DSN,  "Correlation 
of  Flux  Conpoaition  and  Incluaion 


OiarMtaristlca  with  SubsMrgad  Arc 
Wald  Natal  Propartias  in  HY-100 
Staal,"  Machanlcal  Inglnaar's  and 
Mastar's  Thasls,  Saptaadbar  1993. 

DOD  KSr  TNGHNOIiOGr  ABBA:  Othar. 

UINCMUMSt  Maiding  of  High  Strangth 
Staals . 


X-m  PIFFRACTIOM  AMD  KLBCTROM  MICROSCOPE  STDDIKS  OF  YSg 
CKRAMIC  COATIUSS  FOR  QBfl  TOBBIMN  APPLICATIOMS 
A.G.  Fox,  A880cia;:e  ProfoBSor 
Departaant  of  Mechaaical  Bnginaerlng 
SpooBorB  and  Funding:  Annapolia  Datacfaaent, 
Carderock  Divlalon  of  the  Naval  Surface  Warfare  Center,  MD 


OBJBCTrVB:  To  invaatigata  tha 

dagradation  of  yttria  atabilisad 
aireonia  caramic  thanaal  barriar 
coatinga  whan  axpoaad  to  vanadiim 
pantoxida . 

BOHNAHT:  Tha  U.S.  Navy  haa  an 

ongoing  program  of  raaaareh  into 
yttria  atabilisad  aireonia  (TSZ) 
caraadc  coatinga  for  gaa  turbina 
bladaa.  Although  vary  auccaaaful 
idian  uaad  with  high  quality  fuala, 
YSZa  can  datariorata  whan  chaapar 
fuala  ara  uaad,  particularly  whan 
vanadium  ia  praaant  in  tha  fual  aa  an 
impurity  whan  dagradation  of  TSZ 
occura  ao  that  aignificant  raduction 
in  turbina  blada  lifatimaa  raaulta. 
Tha  objact  of  tha  praaant  work  ia  to 
invaatigata  tha  diffuaion  of  V2O5 
into  a  TSZ  of  conpoaition  Z^02-9.4 
mol.%  Y2O3  by  X-ray  diffraction  and 
alactron  microacopy  in  ordar  to  try 
and  undaratand  why  vanadi\im  in  fuala 
dagradaa  YSZa.  During  1992 

ai^arlmanta  at  NPS  wara  parformad 
which  indicated  that  V2O5  raacta 
prafarantially  with  Y2O3  to  form  YVO^ 
but  in  ragiona  wall  away  from  tha 
diffuaion  intarfaca  batwaan  tha  V2O5 
and  tha  YSZ  whara  all  tha  yttria  ia 
apparently  'tied  up'  aa  YVO4  tha 


vanadia  can  react  with  tha  free 
aireonia  now  available  to  form  tha 
compound  ZrV207.  Both  YVO4  and  ZrV207 
ara  extremely  brittle  and  thua  tha 
YSZ  rapidly  dagradaa  on  a^^oaura  to 
vanadia.  During  1993  wa  invaatigatad 
tha  affect  of  ternary  alumina 
'conpoaita'  additlona  to  tha  YSZ  to 
aae  if  thla  could  improve  ita 
realatanca  to  corroalon  attack  by 
V2O5.  Thia  work  haa  ahown  that 
alunina  additiona  to  YSZ  ara  almoat 
coaplataly  inert  idian  a^^oaad  to 
vanadia. 

TBBSIS  DISNCTBDx  Kraatoa,  D.M.,  LT, 
USN,  "An  X-Ray  Diffraction  Study  of 
alpha -aluminum  additlona  to  Yttria 
Stabillzad  Zirconia  Thermal  Barriar 
Coatinga  Subject  to  Daatabllislng 
Vanadia  Kxpoaura,"  Maatar'a  Thaaia, 
September  1993 . 

OTHKR:  Thia  la  a  new  project  in  FYa 
92/3  and  ao  far  no  publicatlona  or 
confaranca  procaadinga  have  raaultad. 

DOO  KXY  TNCHHOIOOY  ARBAx  Matarlala 
and  Procaaaaa. 

KBZNORDBx  Electron  Microacopy,  X-Ray 
Diffraction,  Yttria  Stabillzad 
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Zlrconla  Caraalc  Coatings. 


mCROSTRUCTDRAL  STDDIBS  OP  SILICON  FIBER  RKDiFORag)  OTAflg- 
CKRMgC  COMPOSITKS  FOR  QMS  TORBINK  APPLICXTIOWS 


A. 6.  Pox,  Associate  Professor 


Department  of  Mechanical  Engineering 
Sponsor  and  Funding:  Naval  Air  Warfare  Center 


<n<racnvs:  to  Invoatlgat*  tho  hot 
corrosion  of  silicon  fiber  rsinforcsd 
glsss-csramic  ststrix  coiiq;>ositos. 

SmSBJRT:  The  U.S.  Navy  has  an 
ongoing  program  of  rasaarch  into 
silicon  fibar  rainf oread  glass - 
caramic  matrix  composltas  (CMCa) 
which  hava  many  potential  uaaa  for 
gas  turbina  coa^onants .  Tha  high 
strength,  toughness  and  resistance  to 
high  taaqparaturas  and  low  density  of 
CMCs  could  allow  a  considarabla 
increase  in  gas  turbina  angina 
efficiency  if  thay  could  be  used  to 
replace  heavy  metallic  parts. 
Unfortunately  Naval  aircraft 
operating  envlroimant  is  very  severe 
and  any  CMC  coaq;>onents  developed  must 
be  resistant  to  high  toiq>erature 
environments  containing  salt  and 
aviation  fuel  which  may  be  rich  in 
sulfur.  This  work  proposes  to  use 
electron  microscopy  and  x-ray 
diffraction  to  elucidate  tha 
mechanisms  of  hot  salt  corrosion  in 


lithium,  calcium,  magnesium  and 
barium-amgnesium  alumlno  silicates 
reinforced  with  silicon  carbide 
fibers.  The  results  of  this  work  may 
help  determine  which  CMCs  are 
suitable  for  Naval  applications. 

THBSIS  DISMCTKD:  Nadia,  X..C.,  LT, 
USN,  "Sodium  Sulfate  Corrosion  of 
Silicon  Fiber  Reinforced  Lithium 
Aluminosilicate  Glass -Ceramic  Matrix 
Composites,"  Master's  Thesis, 
December  1993. 

OTBKR:  This  is  a  new  project  in  FT 
93  and  so  far  no  publications  or 
conference  proceedings  have  resulted. 

DOD  KMT  TBCHHOLOOT  ARKAt  Materials 
and  Processes. 

KXYWORDS:  Glass-Ceramic  Cosq>osites, 
Gas  Turbine  Bngines. 


268 


SHIPBOMO)  SYSTKMS  SURVIVABILITys  DYNAMIC  DgSIGW  AMM.TSIS  AHP 
TESTING  MBTHODS  AHD  LIVE  FIRE  TEST  SmOIATlOM 
J.H.  Gordis,  Assistant  Professor 
Y.S.  Shin,  Professor 
Department  of  Mechanical  Engineering 
Sp<msor  and  Funding;  Naval  Sea  Systesui  rrsMiinil 


(mjBCTXVS:  This  continuing  project 
is  conesmsd  with  the  dsvslopsMnt  of 
cosqputational  methods  for  the 
coaponent -based  structural  dynamic 
analysis  of  shipboard  mast/antennae 
systems.  The  goal  is  to  provide  the 
ccoqputatlonal  tools  to  allow  weapons - 
affect  survivability  to  be  "designed 
in"  to  new  mast/antennaa  syatesis,  and 
to  allow  the  enhancement  of 
survivability  for  existing 
mast/antannae  systems. 

SmsnST;  Shipboard  combat  systems 
are  subjected  to  damaging  transient 
forces  due  to  weapons  effects  such  as 
\inderwater  explosion  (UNDEX)  .  In 
order  to  inqprove  the  UNDBX 
survivability  of  combat  systems  such 
as  the  mast/antenna  structural  sy¬ 


stem,  this  project  is  concerned  with 
the  development  of  modern 
computational  techniques  for  the 
prediction  of  transient  response.  A 
class  of  substructuring  methods, 
known  as  conponent  mode  synthesis, 
are  examined  and  specialised  to  the 
mast/antenna  survivability 
enhancement  problem.  The 

computationally  officiant  and 
cosponant -based  approach  of  cooponent 
mode  synthesis  is  consistent  with  the 
long  term  goal  of  developing  a 
specialized  computer-aided  design 
tool  for  Biast/antenna  systasw. 

DOD  XKT  nCBMOXiOCT  ASKAt  Other. 

KXmOKDS:  Structural  Dynamics, 

Survivability,  Mast,  Antenna. 
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J.H.  Gordla,  Assistant  Professor 
A.J.  Healay,  Professor 
Departaent  of  Mechanical  Bngineering 
Sponsor  and  Funding;  Prograa  Executive  Office  -  Suhauurines 


OBJSCTlVSi  This  project  wea 
concamad  with  tha  davalopaant  and 
apacialiaation  of  a  stata-o£-tha-art 
fraquancy  doaain  method  for  tha 
structural  dynaadc  analysis  of  cradle 
structures.  Additionally,  rule-based 
design  optlsilsation  techniques  are 
explored  for  use  in  conjunction  with 
the  frequency  domain  re -analysis 
Biathod. 

SraSIART:  The  effectiveness  and 

survivability  of  submarines  is 
dependant  on  the  sdnisdsation  of  the 
propagation  of  acoustic  energy  to  the 
ocean,  and  on  the  degree  of  isolation 
from  external  shock  waves  provided 
for  critical  subsiarlne  internal 
systesia.  In  support  of  these  goals, 
an  advanced  Biachinary  cradle  has  been 
proposed  which  will  provide  bl- 


diractlon  isolation  of  internal 
syatema.  The  development  of 
coB^utational  tools  for  the  efficient 
design  of  the  cradle  is  the  goal  of 
this  project.  Frequency  domain 
structural  synthesis  is  a  highly 
efficient  means  of  performing  static 
and  complex  dynamic  structural  design 
re-analysis.  The  project 
deskonstrated  tha  effectiveness  of  the 
frequency  domain  technique  in 
conjunction  with  the  application  of 
an  expert  system  rule-based  design 
methodology . 

XXOi  KXT  TKHMOZiOar  ABBA;  Other. 

KXZifOBDS:  Structural  Dynaad.cs. 
Frequency  Domain,  Isolation. 
Submarine . 
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FREQUmiCY  DOMXIN  METHODS  IN  STRUCTORAL  gnrmKfllS  AMD 

IPgliTlFICATIQlf 

J.H.  Gordls,  Assistant  Professor 
Department  of  Mechanical  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJKTZVS:  This  project  is  concerned 
with  the  theoretical  development  of  a 
frequency  domain  theory  for 
structural  system  identification. 
The  theory  is  based  on  a  previously 
developed  theory  for  frequency  domain 
structural  synthesis. 

smsoURT:  This  research  concerns  the 
development  and  validation  through 
practical  application  of  a  frequency 
domain  theory  for  structural  system 
identification  and  structural  damage 
detection.  The  frequency  domain 
theory  avoids  fundamental  limitations 
associated  with  modal -based  methods 
by  the  elimination  of  modal  parameter 
estimation  and  modal  trxincation 
errors,  and  by  the  direct  treatment 
of  the  errors  associated  with 
instrximenting  the  test  specimen  with 
a  finite  n\imber  of  response 
BieasureBtent  transducers .  Under 
development  is  the  necessary  theory 
for  the  practical  identification  of 
an  Impedance  error  spectra  for  a 
linear  siath  model  of  a  dynamic  system 
and  the  subsequent  deconposltlon  of 
the  Impedance  error  spectra  into  the 
constituent  error  spectra  of  mass, 
stiffness,  and  (non-proportional) 
damping.  Focusing  on  spatially 
incosplata  identification,  the 
research  is  investigating  the 
localization  of  model  errors  and  the 
relationship  between  the  error 
spectra  identified  from  spatially 
incomplete  test  data  and  the  "true" 
paramwter  errors  in  the  original, 
unreduced  analytic  model .  The 
research  will  Introduce  non- 
tradltlonal  physical  coordinate  model 


reduction  methods  as  well  as 
traditional  optimization  techniques 
to  cope  with  the  limited  aa»unt  of 
data  typically  generated  in  a 
vibration  tost.  Experimental  studies 
with  simple  yet  representative 
structures  are  underway. 

PUBLICATIOHS:  Oordis,  J.H., 
"Spatial,  Frequency  Domain  Updating 
of  Linear,  Structtiral  Dynand.c 
Models,"  in  Proceedings  of  the  34th 
AIAA/ASMK/ASCB/AHS/hCS  Structures, 
Structural  Dynamics,  and  Materials 
Conference,  April  1993. 

Gordis,  J.H.,  "An  Exact  Formulation 
for  Structural  Dynastic  Model  Error 
Localization, "  in  Proceedings  of  the 
11th  International  Modal  Analysis 
Conference,  Orlando,  FL,  1993. 

Gordis,  J.H.,  "A  Frequency  Domain 
Theory  for  Structural 
Identification, "  Journal  of  the 
American  Helicopter  Society.  Vol.  38, 
No.  2,  April  1993. 

COMFEBEHCB  PRESBHXATIOM:  Gordis, 
J.H.,  "Spatial,  Frequency  Domwln 
Updating  of  Linear,  Structural 
Dynamic  Models,"  34th 
AIAA/ASME/ASCE/AHS/ACS  Structures, 
Structural  Dynasties,  and  Materials 
Conference,  April  1993. 

DOD  KEY  TBCHHOLOGT  ABSA:  Other. 

KBXIfOSDS:  Structural  Dynamtlcs, 
Frequency  Domain,  Isolation, 
Submarine . 
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AUTONCMIOOS  UMDKItWATKR  VKHICLKS 
A.J.  Healey,  Professor 
Department  of  Mechanical  Engineering 
R.B.  McGhee,  Professor 
Department  of  Computer  Science 
F.A.  Papoullas,  Assistant  Professor 
Department  of  Mechanical  Engineering 
R.  Crlstl,  Associate  Professor 
Department  of  Electrical  Computer  Engineering 
S.H.  Rtrak,  Research  Associate  Professor 
Department  of  Computer  Science 
D.  Brutzman,  Instructor 
Department  of  Operations  Research 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJKCrrvS:  As  the  use  o£  Remotely 
Operated  Underwater  Vehicles  becomes 
more  widespread  and  their  tasking 
more  coiqplex  in  deeper  waters,  there 
is  a  need  to  free  the  vehicle  from 
the  power  and  signal  umbilical,  and 
to  increase  the  level  of  autonomy  and 
the  precision  of  the  motion  control 
of  these  underwater  robots  in 
performing  mine  hunting  and  ocean 
monitoring  tasks. 

SUMMART:  This  year,  the  Rational 
Behavior  Model  software  architecture 
was  initially  developed  in  previous 
years  and  distinguished  by  the 
recognition  of  three  levels  of 
control  each  based  on  a  different 
programming  paradigm.  Further 
development  of  this  architecture  this 
year  has  led  to  the  funding  of  an 
expanded  study  for  application  to 
uxunanned  underwater  vehicles  in 
general  by  the  NSF.  We  have  now 
succeeded  in  converting  the  earlier 
concept  to  a  version  that  runs  in  the 
vehicle  computer  as  part  of  a  virtual 
reality  system  in  the  simulation 
laboratory,  and  will  be  tested  in  the 
upcoming  months  in  an  open  water 
demonstration  using  the  NFS  AUV  II 
vehicle.  Also,  during  FY93,  the  NFS 
AX7V  II  has  under  gone  extensive 
modification  to  Include  imaging 
sonars  -  TRITECH  ST  725  and  ST  1000 
units,  full  implementation  of  the 


cross  body  thrusters,  including 
detailed  modeling  and  analysis  of 
thruster  performance  under  static  and 
dynasdc  conditions. 
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OBJSCTIVSx  This  work  was  a  sauill 
affort  to  build  a  graphics  basad 
slaulator  for  tha  vlauallsatlon  of 
tha  control lad  antlon  of  tha 
undarwatar  Ramotaly  Oparatad  Vahlcla 
(ROV)  tha  Daap  Saa  Vanturas 

'PBRimSI'  . 

SCMMRRTt  Tha  simulator  coda  runs  on 
an  SOI  workstation  and  was  usad  by 
Lockhaad  Corp.  In  thalr  work  with  tha 
sama  sponsor.  Ho  publications  ara 


axpactad  from  this  work  at  this 
stags,  although  It  Is  loading  to 
largar  programs  In  Simulation  Basad 
Daslgn  and  Sclantlfic  Visualisation. 

DOD  nr  TBCSHOLOOr  ABIBi  Daslgn 
Automation. 

nrsoSDSt  Robotics,  Simulation  and 
Modallng,  Mina  Narfara. 
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CLASSIFICATIOM  OF  SHIP  HULL  FOPLUIG 
A.J.  Healey#  Professor 
R.  Mukherjee#  Associate  Professor 
Departaent  of  Kechanlcal  Bnglneering 
Sponsor  and  Funding:  Naval  Surface  Warfare  Center# 
Annapolis  Detacbnent#  Code  2752#  Annapolis#  HD  21402-5067 


OSJBCTXVB:  This  work  has  Involvad 

tho  uso  of  tho  Naval  Poatgraduata 
School's  TRITBCH  ST  725  high 
fraquancy  nachanlcally  scannad  sonar 
systam  to  aequira  sonar  laagas  of 
slsnilatad  surfaea  roughnasa  on  an 
aluadLnua  plata.  Signal  post 

proeasslng  for  such  laiago  data  is 
ravlawad,  and  procaasad  data  is 
analysad  and  cosiparad  to  tha  known 
roughnasa  locations  on  tha  plata. 

Tha  sloulatad  roughnasa  (a  pattam  of 
ona  half  inch  staal  nuts)  is  usad  in 
a  prallminary  a:q;>ariiBant  as  part  of 
tha  davalopmant  of  a  sonar  datactlon 
systam  for  marina  growth  on  ship  hull 
plating.  Such  a  sonar  systam  will  ba 
an  Intagral  part  of  any  Ship  Hull 
AutonosKnis  Claaning  Robot  (SHACK) . 

snmiHIT:  Contalnad  in  tha  raport  of 
this  work  is  a  dascription  of  tha 
a:q>arlmantal  arrangamant,  typical 
sonar  ratums,  a  sximmary  of  imaga 
proeasslng  tachnlquas  appropriata 
to  this  problam  and  rasults  of 

procassad  data  as  coaqiarad  to  tha 
known  locations  of  tha  slmulatad 
roughnasa . 


Tha  algorithms  prasantad  hara  will 
ultimataly  laad  to  a  raal  tlma 
proeasslng  capability  for  tha 
spacification  of  location,  extant, 
roughness  level,  as  naadad  for  tha 
autoatatlc  direction  of  a  SHACR's 
motion  control  and  claaning  systems. 

PDBX.ICATI0H:  Haalay,  A.J.  and 
Mukherjaa,  R.,  "Sonar  Signal 
Acquisition  and  Processing  for 
Identification  and  Classification  of 
Ship  Hull  Fouling, ■  NPS  Technical 
Raport  NPS -93 -MR- 007,  30  Saptastbar 
1993. 

DOD  XRT  TRCBMOLOaT  ARBA:  Design 
Automation . 

KKHIORDS:  Underwater  Robotics, 
Acoustic  iBiaglng. 


275 


Jgpims?  BL 


QW  AMffg 


(Advanced  I.i«rtitwlQht  Influixc^  Sweep  Svt— ) 


M.D.  Kelleher,  Professor 
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Naval  Surface  Warfare  Center 


aSJacrzVXi  Tb«  objactiv*  of  this 
projaet  ia  to  parfoxn  thatmal 
modoling  atudlaa  of  tha 
aupareonducting  aiagnat  syataaa  to  ba 
uaad  in  tha  Advanead  Llghtwaight 
Znfluanca  Swaap  Syatam  (ALZSS) .  Tha 
tharaal  andals  will  ba  uaad  to 
avaluata  varloua  propoaad  daalgna  for 
tha  aupport  ayataaa  and  alactrlcal 
intarfacaa  to  ba  uaad  with  tha 
aupareonducting  Mgnata  in  ALZSS. 

soaihsrt  Thia  ia  a  naw  tharmal 
aK>daling  raaaarch  pro j act  in  aupport 
of  tha  ALZSS  Program.  ALZSS  ia  an 
Advanead  Tachnology  Damonatration 
Program  to  validata  tha  faaaibility 
of  uaing  aupareonducting  tachnology 
for  ayataaw  uaad  to  awaap  magnatic 
influanca  aiinaa.  Hina  countar* 
maaatiraa  (MCK)  ara  conductad  to  claar 
or  auip  a  aafa  paaaaga  through  anti* 
invaaion  mina  fialda.  Tha  Navy  haa 
alraady  idantifiad  critical 
daficianciaa  in  tha  capability  to 
conduct  rapid  MCX  in  aupport  of  a 
"aurfaca  forcibla  antry.* 
Charactariatica  of  MCN  ayatau 
currantly  uaad  to  countar  magnatic 
influanca  ad.naa  raatrict  awaap  rataa, 
liad.t  tha  ability  to  accurataly 
ainulata  a  ahip'a  magnatic  aignatura, 
and  raquira  a  minimum  watar  dapth. 
Advancaa  in  aupareonducting 
tachnology  ovar  tha  laat  twanty  yaara 
hava  aignificantly  incraaaad  tha 
faaaibility  of  uaing  aupareonducting 
mina  countarmaaauraa  (SCMCM)  for 
magnatic  influanca  minaa.  Tha  uaa  of 
aupareonducting  magnata  for  coaatal 
Bd.naawaapora  holda  tha  potantial  for 
aaiallar,  lightar,  and  mora  anargy 
afficiant  ayatama.  Tha  Advanead 
Lightwaight  Znfluanca  Swaap  Syatam 
(ALZSS)  ia  an  Advanead  Tachnology 


Damonatration  pro  j  act  to  validata  tha 
faaaibility  of  aupareonducting 
tachnology  ia  awaap  magnatic 
influanca  adnaa.  A  atandard  method 
for  aehiaving  auporeonduetivity  la  to 
uaa  immaralon  in  a  liquid  halium  bath 
to  aehiava  tha  raqulrad  aupar* 
conducting  taaparatura.  Tha  uaa  of 
liquid  halium  in  a  ahipboard 
anvlronmant  praaanta  many  problama  in 
tha  production  and  handling  of  tha 
raquirad  amounta  of  liquid  halium. 
To  avoid  thaaa  problama  it  haa  baan 
propoaad  to  uaa  eonduetivaly  eoolad 
aupareonducting  magnata.  Ona  maana 
of  Implamanting  thia  concept  la  to 
uaa  a  cloaad  eyela  daviea  auch  aa  a 
Gifford*MeNahon  eryoeoolar.  Zf  auch 
a  ayatam  ia  to  ba  uaad  it  ia  critical 
that  tha  total  haat  budgat  for  tha 
ayatam  ba  undaratood.  A  thanaal 
modaling  affort  of  tha  propoaad 
eonduetivaly  eoolad  aupareonducting 
Buignat  ayatam  ia  baing  undartakan. 
All  poaalbla  patha  and  haat  tranafar 
machaniama  for  haat  laakaga  will  ba 
conaldarad.  Tha  magnata  atructural 
aupport  ayataaa,  tha  alactrlcal 
connactiona,  tha  eryoeoolar 
connactiona  aa  wall  aa  tha 
aurrounding  Inaulation  will  ba 
modalad.  Tha  tharautl  modaling  will 
ba  iaplaaantad  uaing  atandard 
computational  aoftwara  auch  aa  HZSA. 
Tha  objactiva  of  thia  affort  will  ba 
to  obtain  a  tool  idiieh  will  allow  tha 
idantificatlon  and  avaluatlon  of  tha 
critical  haat  flow  patha  and  an 
aaaaaamant  of  daaign  a»dlf Icationa . 

VOD  XBT  THCHHOLOGr  ABBA:  Othar. 

KBTHORDS:  Tharmal  Modaling, 

Supar conducting  Magnata,  Cryoganlea. 
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OBOnCTZVBx  Th«  goal  of  this  projoct 
waa  to  Invastlgata  stability  of 
unbalancad,  sandwich  coBqposita  panals 
mada  of  tltanitm  and  glass  ralnforcad 
plastic  skins  and  a  honayconb  cora. 
Tha  fallura  loads  and  nodaa  of  tha 
structxura  was  studiad  using  both 
axpariaantal  and  analytical 
tachniquas . 

SamXTx  An  unbalancad,  sandwich 
cosposlta  structure  consisting  of  TI 
6AL-4V  and  <3RP  (Glass  Ralnforcad 
Plastic)  skins  with  a  phenolic 
honaycosb  cora  was  being  considered 
for  construction  of  a  surface  ship 
Bast  which  would  anclosa  critical 
shipboard  agulpmant.  Stability  of 
tha  structure  was  one  of  tha  major 
concerns  in  tha  design  process.  Both 
theoretical  and  aaepariaant  analyses 
ware  performed  for  the  buckling 
instability  of  the  coiq>oaite  panels 
of  various  slses.  The  theoretical 
analysis  took  into  account  the 
bending  strain  energy  of  skin 
materials  as  well  as  cora  material 
shearing  energy.  Uniaxial 
cooprasslva  load  experiments  ware 
conducted  on  eight  unbalanced, 
sandwich  conposita  beams  simply 
siq>ported  on  the  loaded  ends  and  the 
overall  llad.t  loads  observed  were 
within  10%  of  the  theoretical 
predictions  using  the  analytical 
model  developed.  Core  shearing 
initiated  quickly  after  load  was 


applied  to  a  buckled  specimen,  and 
the  specimen  abruptly  lost  its  load 
carrying  capacity.  Other  possible 
modes  of  failure  in  sandwich 
structures  were  not  observed.  The 
residual  conpresslve  strengths  of  tha 
sandwich  beams,  after  the  Initial 
failure,  ware  almost  the  same  as 
their  Initial  cora  shearing  loads. 

The  ideal  condition  of  simple  support 
was  very  closely  achieved  by  the 
described  experimental  design.  No 
local  damaga  was  introduced  by  the 
end  supports. 

POBLICATIOMx  Kwon,  Y.N.,  Murphy, 
M.C.,  and  Castelll,  V.,  "Buckling  of 
unbalanced.  Sandwich  Beau,"  Recent 

Advances _ iz _ Structural  Mechanics, 

PVP-Vol.  26»,  NB-Vol.  13,  pp.  37-46, 
ASMS,  1993. 

TBSSIS  DXRSCTBDt  Murphy,  M.C.,  "A 
Study  of  Structural  Instability  of 
unbalanced.  Sandwich  Coeposltes," 
Master's  Thesis,  June  1993. 

OTHNR:  One  paper  has  been  submitted 
for  publication  in  a  journal.  One 
paper  is  in  preparation. 

DOD  nrr  TBCmOLOgr  ARMAx  Materials 
and  Processes. 

XXXNORDSx  Cosposite,  Sandwich 
Structure,  Stability. 
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OBJSCTIVSi  Tha  goal  of  this  pro j act 
was  to  davalop  an  analysis  sndal  and 
failura  critaria  to  invastigata 
dasaga  B»das  and  failura  loads  in 
laainatad  fibrous  coaposita 
structuras . 

SOSnunr:  a  aicrosMChanic  nodal  was 
davalopad  for  daaaga  and  failura 
analysas  of  fibrous  coaposita 
structuras.  It  was  Incorporatad  into 
a  flnlta  alamant  analysis  program  for 
laadnatad  cosposita  structuras.  Tha 
BU.croBMchanical  nodal  usad  strassas 
and  strains  at  tha  flbar  and  matrix 
laval  to  datanaina  tha  smaarad 
coaposita  strassas  and  strains.  Tha 
danaga  and  failura  critaria  wara 
baaad  on  tha  fibar  and  matrix 
strassas,  obtainad  from  tha 
mlcroBMchanical  BK>dal,  rathar  than 
ssMarad  coaposita  strassas. 

Prograss  of  daaiago,  such  as  arntrlx 
cracking  and  fiber  braakaga,  as  wall 
as  ultlawta  failura  loads  wars 
coaputad  from  the  awdal  and  coaparad 
to  a:parlmantal  results.  Por 
axaaplss,  matrix  cracking  in  caraadc 
coaposita  plates,  and  daawga  progress 
and  failura  load  of  a  graphita/apoxy 
composite  plate  with  a  hole  wara 
considered.  In  addition,  off-axis 
strengths  of  various  unidlractional 
cospositas  wara  coaputad.  Tha 
analytical  rasults  agraad  vary  wall 
with  exparimantal  results. 

Tha  currant  micro -aMChanical  modal 
along  with  tha  failura  critaria  could 
provide  tha  following  important 
Informations  for  study  of  failura  and 
daawga  prograss  in  fibrous  layarad 
composite  structures:  tha  dasutga 
types,  dasukga  progress,  stress 
redistribution  due  to  local  damage. 


and  tha  ultimata  failura  load. 

POBAICATZOaSt  Kwon,  Y.W., 
"Calculation  of  effective  Moduli!  of 
Plbrous  Composites  with  Micro - 
Machanical  Damages , *  Cemmositas 
Structures.  Vol.  25,  pp.  187-192, 
1993. 

Kwon,  y.N.  and  Sartune,  M.,  "Static 
and  Dynasd.c  Buckling  of  a  Fiber 
Bmbaddad  in  a  Matrix  with  Interface 

Dabondlng,  "  Journal _ of  Pressure 

Vassal  Technology.  ASM!  Transactions, 
Vol.  115,  pp.  297-301,  August  1993. 

Kwon,  y.W.  and  Christy,  C.,  "An 
Efficient  Finite  Element  Modeling  of 
Dynasd-c  Crack  Propagation  Usii:g  a 
Moving  Mode  Element, "  accepted  for 
publication  in  Structural  Enalnaarina 
and  Mechanics. 

Kwon,  Y.W.  and  Bamar,  J.M., 
"NuBMrical  Modeling  of  Stiffness 
Reduction  Due  to  Transverse  Cracking 
in  Ohidiractlonal  Composites, " 

Computational _ Enoinaarina,  in 

Procaadlngs  of  tha  First  Pan-Pacific 
Conference  on  Computational 
Enginaaring,  Seoul,  Korea,  Elsevier, 
pp.  3-8,  November  1993. 

Kwon,  Y.W.  and  Bablloglu,  E., 
"Numerical  Analysis  of  Crack 
Propagation  in  Dnidiractlonal 
Composite  Plates,"  in  Proceedings  of 
tha  ASNE  Energy  Technology  Conference 
and  Exhibition,  Houston,  TX,  January 
1993. 

THEBES  DISBCIHDi  Christy,  C.T., 
"Nunarical  Modallng  of  Dynasde  Crack 
Propagation,"  Master's  Thesis,  JUna 
1993. 
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Baraar,  J.,  "rinita  Klaaant  Analysis 
of  Oaaaga  in  ribrous  Coavosltas  Oslng 
a  MloroaMchanlesl  Modal."  Msstar's 
Thaais,  Daoanbar  1993. 

OlMUt  Two  p^ars  hsva  baan 
auhalttad  for  journals. 
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OBJBCTIVBt  Th«  goal  of  this  prograa 
la  to  study  tha  rola  of  grain 
boundarlas  in  f Ina-gralnad, 
S'  -plastic  alualnum  alloys  and  tha 
;.opmant  of  such  grain  boundaries 
ng  thanaosMchanlcal  procaaslng  of 
am  aatarlala. 

SISanRTi  Two  dlffarant  machanisms  of 
sdcrostructural  raflnamant  during  tha 
thamoaachanical  processing  at  57 3K 
for  Al-Mg  alloys  of  high  Mg  content 
have  bean  identified.  With  a  brief 
Intarpass  anneal  grain  boundaries 
developed  via  a  twin  chain  mechanism. 
The  use  of  a  prolonged  intarpass 
anneal  resulted  in  high  angle 
boundaries  associated  with 
recrystallisation  and  superplastic 
elongations  in  excess  of  1000%  during 
straining  at  a  low  teaqperature  of 
573K.  Recrystallisation  via 

particle-stimulated  nuclaation  (PSN) 
was  attributed  to  the  coarsening  of 
precipitates  during  the  prolonged 
intarpass  anneals.  Boundaries  of 
recrystallisation  nuclei  were 
associated  with  a  lattice  of  rotation 
of  approxijBately  40°  about  <111>. 
Similar  processing  studies  for  the 
cosmwrclal  2519  alloy  indicated  that 
the  critical  particle  slsa  for  PSM  is 
larger  in  tha  Al-Cu  alloy. 

POBLlCAnaHS:  NcNalley,  T.R., 

Crooks,  R.,  Kalu,  P.H.,  and  Rogers, 
S.A.,  "Precipitation  and 
Racrystalllsatlon  During  Processing 
of  a  Superplastic  Al-lOMg-O.lZr 
Alloy, "  Materials  Science  and 
Knaineering.  Vol.  A166,  pp.  135-144, 
1993. 


McNelley,  T.R.,  Salama,  A. A.,  and 
Kalu,  P.M.,  "Constitutive  Bquations 
for  the  Behavior  of  Sv^erplastlc  Al- 
Mg  Alloys,"  in  Advances  in 

_ BBd _ Supemlastic 

Forsting,  H.  Chandra,  H.  Oarmastanl 
and  R.K.  Goforth,  eds..  The 
Metallurgical  Society,  Narrendale, 
PA,  pp.  45-54,  1993. 

COMFKRKMCK  PRSaORAnOit  MeMelley, 
T.R.,  Kalu,  P.N.,  and  Crooks,  R., 
"Thermomechanical  Processing  and 
Grain  RefinesMnt  for  Superplastlclty 
in  Aluminum  Alloys,"  Symposium  on 
Light-Weight  Alloys  for  Aerospace 
implications,  held  inconjunction  with 
tha  122nd  TMS  Aimual  Meeting,  Denver, 
CO,  23  February  1993. 

TBMSSS  DXRBCTKDi  Coleman,  M.T.,  "The 
Use  of  the  Backscattered  Electron 
Imaging  Mode  to  Assess  the  Bffect  of 
Fine  Dispersions  on  Developsisnt  of 
Suparplastic  Microstructures  in  Al-Mg 
Alloys,"  Master's  Thesis,  June  1993. 

Zohorsky,  P.J.,  "Study  of 
Precipitation  and  Recrystallisatlon 
in  A1  Alloy  2519  by  Backscattered 
Electron  Imaging  Methods,"  Master's 
Thesis,  Septeaiber  1993. 

DOO  KET  TBCBMOLOOr  ASSAi  Materials 
and  Processes. 

KEYWORDS:  Alxmlnum,  Superplastlclty, 
Recrystallisation,  Grain  Boundaries, 
TharB»8wchanical  Processing. 
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TOmOMBCaMlICAL  PROCBSSIMg  AMD  DgCTILITY  wmrnMTMiw 
OF  DTOALCAM  COMPOSITl  MUTMtlALS 
T.R.  lfcN«ll«y,  Professor 
Depertaent  of  Kecbsnlcel  Bngineerizig 
Sponsor  and  Fundings  DUKALCAN-USA,  San  Diago,  CA 
CDKA  Agraaaent,  May  1993 


OBJBCnVBt  Th«  goal  o£  thla  prograa 
is  to  obtain  ioprovad  eoabination  of 
atrangth,  ductility  and  toughnaas  in 
Al-baaad  Mtal-auitrix  eoag>oaito 
aatariala  by  tharaoaaehanieal 
procaaaing. 

SnSibXT X  Diacontinuoualy  rainforcad 
AI-AI2O3  coapoaita  auttariala  have 
Biany  attraetiva  propartiaa  but  lack 
adaquata  ductility  and  toughnaas  for 
SMny  applications .  Draatatic 
iaprovamants  in  cMpoaito  ductibility 
hava  baan  attained  in  axtrudad  6061 
AI-XI3O3  procasaad  using  methods 
designed  to  radiatributa  the  AI2O3 
particles  as  wall  as  achiova  a  fully 
racrystalliaad  aiatrix  gain  structure 
via  particle- stimulated  nucleation  of 
recrystallisation.  Further 
improvements  in  ductility  have  been 
obtained  with  use  of  controlled  heat 
treatsMnts  on  processed  siaterlal . 
Processing  methods  suitable  for 
production  of  extruded  materials  have 
also  been  designed  and  evaluated. 

POBUCAnaSi  McNelley,  T.R.  and 
Kalu,  P.N.,  "Thersiomechanlcal 
Processing  and  Ductility  Bnhancamant 
of  a  6061  AI-AI2O3  Metal  Matrix 
Coaqposite,"  Adiranead  Synthesis  of 
Rnaineered  Structural  Materials,  in 
Proceedings  of  the  International 


Conference,  J.J.  Moore,  S.J.  Zdivemla 
and  P.B.  Proas  (Ids) ,  ASM 
Interaational,  Materials  Park,  OH, 
pp.  93-98,  1993. 

THBSB8  OIsaCXHDt  Longeneckar,  P.W., 
"An  Analysis  of  the  Microstructure 
and  ReinforcasMnt  Distribution  of  an 
Hxtruded,  Particle-Reinforced  Al-10 
Vol.  pet.  AI2O3  Metal  Matrix 
Composite,"  Master's  Thesis, 
September  1993. 

Hoyt,  M.P.,  "The  Iffeet  of 
Tharmomeehanlcal  Processing  on 
Mechanical  Properties  of  a  cast  6061 
AI-AI2O3  Metal  Matrix  Ccoposite," 
Master's  Thesis,  December  1993. 

OTHHR:  McNelley,  T.R., 
"Thermomechanical  Processing  and 
Ductility  Hnhancamant  of  Particulate- 
Reinforced  Alxnnlnum  (PRA) , "  invited 
sasiinar,  D.S.  Army  Research 
Laboratory,  Watertown,  MA,  8  December 
1993. 

DOO  KBT  THCHMOLOOr  ARBAz  Materials 
and  Processes. 

KXXWORDSx  Metal -Matrix  Composites, 
Processing,  Ductility,  Particle 
Distribution,  Grain  Refinement. 
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COMTIMODUS  MmSUMBmfr  OF  AGIWG  USIHG  IDPY  CDRKBrT  SIMSOKS 
pimniB  mr  Tm-nmiT  of  PaaciPiTATiQii  Hmnmw  moTS 

T.R.  McNellay,  Professor 
Depertaant  of  Mechsnicsl  Bngineerlng 
Sponsor:  Naval  Air  Warfare  Center,  WSzninster,  PA 
Funding:  Naval  Air  Warfare  Center 


OBJBCrzVKs  Th«  goal  of  this  program 
ia  tha  davalopmant  of  sanaora  for  tha 
contlnuoua  aiaaauraaMnt  of  tha  aging 
raaponaa  during  haat  traatmant  of  a 
pracipltatlon  hardaning  alloy. 
Zntalllgant  procaaaing  raqulraa  auch 
a  aanaor  to  monitor  matarial  raaponaa 
in  raal  tima  and  provlda  input  to  a 
controllar. 

snsounr:  Thla  raaaarch  involvad 
furthar  davalopaiant  of  a  aanaor 
ayatoBM  for  tha  contlnuoua  monitoring 
of  tha  aging  raaponaa  of  7075 
Aluailnum  alloy  during  intalligant 
haat  traatmant  of  tha  laatarial. 
Intalligant  procaaaing  raqulraa 
aanaora  to  annltor  matarial  raaponaa 
in  raal  tima.  Tha  faaaibility  of 
auch  a  maaauraauint  ualng  addy  currant 
mathoda  haa  baan  daaionatratad.  A 
aanaor  conaiating  of  two  apiral -wound 
probaa  and  a  bridga  circuit  with  a 
bridga  carriar  ampllfiar  waa  uaad  to 
obtain  data  raflacting  tha  changing 


raalativlty  of  7075  Aluminum  during 
iaothanaal  aging.  Machanical 
proparty  data  wara  corralatad  with 
tha  raalativlty  data.  Modification 
of  tha  ayatam  to  obtain  data  tindar 
non-laotharmal  condltiona  will 
facilitata  control  of  coegplata  haat 
traatmant  cyelaa.  Alao,  aanaora 
capabla  of  oparatlon  at  tamparaturaa 
up  to  500 ‘C  will  ba  fabricatad  for 
applicatlona  involving  highar 
taaparatura  alloya. 

TBSSIS  DISaCTID:  Mata,  S.O., 
"Contlnuoua  Maaauramant  of  Aging 
Raaponaa  in  AlinDlntm  Alloya  by  Bddy 
Currant  Mathoda,"  Maatar'a  Thaala, 
Saptambar  1993. 

Doo  at  raamouoat  arkai  Matariaia 
and  Procaaaaa. 

KKZ1IORD8:  Intalligant  Procaaaingi 
Heat  Traating;  Aluad.num  Alloya. 
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ADV3MICKD  GAg  TURBTMg  gieAT.g 
K.T.  Millsapa,  Jr.,  Assistant  Professor 
Department  of  Mechanical  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 
(Direct  Funding,  Research  Initiation  Program) 


OBJSCrxVBt  To  advane*  tha  atata-o£- 
tha-art  in  gas  turblnas  saaling 
tachnology. 

SOaounr:  (l)  Tha  praliadnary  daslgn 
of  a  2-0  tost  facility  for  oiaasurlng 
tha  flow  in  labyrinth  saals  has  baan 
coaqplatad.  Savaral  typas  of  daslgns 
wara  eonsidarad  and  Invastlgatad.  A 
datallad  maehanlcal  daslgn  with  full 
uchlna  drawings  has  baan  finishad. 
Work  on  tha  facility  tast  sactlon, 
ate.  will  Initiate  whan  tha  low  spaad 
boundary  laar  tunnal  Is  novad  to 
Bldg.  230. 

(2)  Much  of  tha  previous  work 
Initiated  at  MIT  for  tha  author's 
Sc.D.,  both  thaoratieal  and 
axparlmantalf  on  rotodynanic 
coefficients  for  labyrinth  saals  has 
baan  finished  this  year.  This  work 
resulted  in  three  (3)  conference 
papers  and  two  (2)  journal  articles 
over  tha  past  year.  Tha  two  major 
contributions  to  the  archive 
literature  are: 

a.  Damping  coefficients  In 
short  saals  can  be  extracted  from 
purely  static  force  measureaients .  A 
theoretical  basis  for  this  along  with 
axparlaiantal  corroboration  presented. 
Since  static  owasurements  are  much 
simpler  than  fully  dynamic  ones  this 
represents  a  siajor  step  forward  In 
the  state-of-the-art. 

b.  Tha  coupling  between  the 
seal  perturbation  flow  and  the 
upstream  plenum  flow  can  not  be 
Ignored  in  general.  This  coupling 
can  augment  the  force  level  by  a 
factor  of  four  (4)  wder  some 
circumstances .  The  general  theory 


developed  for  this  not  only  o:q>lained 
the  data  of  Millsaps  (1)  but  also 
those  of  Bankart  &  Nachter. 

(3)  Analytical  work  on  the  forces 
generated  by  geometrically  imperfect 
saaling  knives  and  inner  glad 
surfaces  have  been  investigated.  It 
has  bean  found  that  very  small 
asymsietrles  can  create  radial  of  the 
same  order  of  magnitude  as  residual 
unbalance  in  high  power  density 
machines.  Ouldelines  idilch  can  be 
used  by  engine  designers,  have  been 
developed.  This  work  will  be 
published  (6) . 

PDBLICa^OMS:  Millsaps,  K.T.  and 
Martinez,  M. ,  ”Dynaad.c  Forces  from 
Single  Gland  Labyrinth  Seals:  Part  I 
-  Ideal  and  Viscous  Decomposition, ” 
International  Gas  Turbine  Conference, 
Paper  93-GT-302,  Cincinnati,  OH,  23- 
27  May  1993. 

Millsaps,  K.T.  and  Martinez,  M. , 
"Dynaad.c  Forces  from  Single  Gland 
Labyrinth  Saals:  Part  II  -  Upstream 
Coupling, •  International  Gas  Turbine 
Conference,  Paper  93-GT-322, 
Cincinnati,  OH,  23-27  May  1993. 

Millsaps,  K.T.  and  Martinez,  M., 
"Rotodynazilc  Forces  in  Labyrinth 
Sales:  Theory  and  Bxporimant," 
Seventh  Conference  on  RotodynamdLc 
Instability  Problems  in  Hlgh- 
Perforziance  Turbomachinary,  Texas  A&M 
university,  10-12  May  1993. 

Millsaps,  K.T.  and  Martinez,  M., 
"Dynaiolc  Forces  from  Single  Gland 
Labyrinth  Seals:  Part  I  -  Ideal  and 
Viscous  Dacozposltion, "  ASMK  Journal 
of  Turbomachinary.  accepted  for 
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publication. 


Millsapa.  K.T.  and  Martinas,  M., 
"Dynaaic  Forcaa  from  Singla  Oland 
Iiabyrinth  Saala:  Part  II  -  Opstraaa 

Coupling,"  ASMK  Journal _ of 

Turboaachinarv .  accaptad  for 
publication. 

Mlllaapa,  K.T.  and  Nilliaton,  W.C., 
"Synchronoua  Rotor  Vibration  Driven 
by  a  Rotating  Gaoaatrically  Inparfact 
Labyrinth  Saal ,  ■  accaptad  for  tha 
schadulad  1994  Intamational  Gas 
Turbina  Confaranca,  Dan.  Haag,  Tha 
Hatharlanda . 

OOWPKRKMCB  PRSSBRRTiam t  Mlllaapa, 
K.T.  and  Martinas,  M.,  "Dynamic 
Porcaa  from  Singla  Gland  Labyrinth 
Saala:  Part  I  -  Idaal  and  Viscous 
Dacomposition, "  Intamational  Gas 
Turbina  Confaranca,  Cincinnati,  OH, 
23>27  May  1993. 

Mlllaapa,  K.T.  and  Martinas,  M. , 
"Dynamic  Porcaa  from  Singla  and 
Labyrinth  Saala:  Part  II  -  Dpstraam 
Coupling,"  Intamational  Gas  Turbina 
Confaranca,  Cincinnati,  OH,  23-27  May 
1993. 

Mlllaapa,  K.T.  and  Martinas,  M. , 
"Rotodynamic  Porcaa  in  Labyrinth 


Saala:  Theory  and  Ixparimant, " 
Savanth  Confaranca  on  Rotodynamic 
Instability  Problwa  in  High- 
Par  formanca  Turboaiachlnary,  Texas  AUl 
University,  10-12  May  1993. 

TBH8HS  DIRMCXMD:  Nilliaton,  Nilliam 
C.,  LCDR,  USN,  "Synchronous 
Vibrations  resulting  from  Mon-unlform 
Labyrinth  Saal  Gaps,"  Master's 
Thesis . 

Konicki,  Joseph  S.,  LT,  USM,  "Design 
of  a  2 -Dimensional  Planar  Labyrinth 
Saal  Test  Pacillty, "  Master's  Thesis. 

O'lHER:  Millsaps,  K.T.  and  Nilliaton, 
N.C.,  "Synchronous  Rotor  Vibration 
Driven  by  a  Rotating  Oaomatrically 
Imperfect  Labyrinth  Saal,"  accaptad 
for  tha  1994  International  Gas 
Turbina  Confaranca,  Dan  Hagg.,  tha 
Netherlands . 

OOD  KXT  TKBMOLOOr  ARHA:  Propulsion 
and  toargy  Conversion. 

XKXIIORDS:  Labyrinth  Seals,  Fluid- 
Induced  Forces,  Synchronous 
Vibrations . 
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ROTODYllMnCS  TEST  FACILITY 
K.T.  Nlllsaps,  Jr.,  ABslstant  Professor 
Department  of  Mechanical  Engineering 
Sponsor  and  Funding:  Unfunded 


OBJSCTZVS:  To  build  a  rasaarch 
facility  for  dynamic  balancing, 
rotodynamic  instability  and  magnetic 
bearing  Investigations . 

SlBSaunr:  a  rotodynamlcs  test 
facility  has  been  developed.  This 
table  top  rig  consists  of  a  Bentley 
Nevada  rotor  kit  along  with 
appropriated  instrumentation.  X  lab 
PC  486-66  along  with  a  PC  data 
acquisition  board  and  software  is 
being  used  to  acquire  and  process  the 
data.  It  has  demonstrated  the 


ability  to  function  and  produce 
repeatable  results.  It  will  be  used 
for  both  validating  balancing 
techniques  as  wall  as  SMasurlng  self- 
exclting  forces  on  orbiting  shafts. 
It  will  also  be  used  for  vibration 
laboratory  experiment. 

DOD  nr  TKCBMOLOar  ARSA:  Propulsion 
and  Energy  Conversion. 

KSniOBDS :  Rotodynamlcs ,  Model 
Balancing,  Rotodynamic, 
Instabilities,  Magnetic  Bearings. 
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R.  Nukherjee,  Asfllstant  Professor 
Department  of  Mechanical  Engineering 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJacnvit  Th«  goal  of  this  rasaarch 
was  to  (a)  invastlgata  tha  klnaaatic 
and  dynamic  bahavlor  of  undar- 
actuatad  dynamical  systama,  of  robot 
Bianlpulators  in  particular,  in  the 
prasanca  of  first  and  sacond  ordar 
nonholonosilc  constraints  of  motion, 
and  (b)  astabllsh  motion  planning  and 
control  schamas  for  tha  undar- 
actuatad  systam. 

Smoounr:  Machanlcal  systasui  that  ara 
undar-actuatad  will  hava  a  numbar  of 
advantagas  ovar  coiq>lataly  actuatad 
sy a tarns.  Such  sys tarns  ara  howavar 
difficult  to  control.  In  this 
pro j act  wa  invastlgatad  tha  control 
of  a  fraa- flying  undar-actuatad  apaca 
fltanipulator  and  a  thraa-llnk  planar 
undar-actuatad  manipulator  on  aarth. 
In  tha  casa  of  tha  tarrastrlal 
manipulator  wa  hava  shown  that  it  is 
posslbla  to  raach  any  joint 
configuration  from  any  othar  if  tha 
passlva  joint  is  provldad  with  a 
rotary  dashpot.  Wo  hava  also  shown 
that  our  control  is  robust  to 
variations  in  curtain  paramators  and 
uniBodollad  dynasties.  In  tha  casa  of 
tha  spaco  sianlpulator  wo  hava  shown 
that  groator  control  can  ba  achlavod 
if  tha  passlva  joints  ara  not  cyclic 
coordinatas . 

POBLIChTIOilS:  Mukharjao,  R.  and 


Chan,  D.,  "Control  of  Fraa-Flylng 
nndor -Actuatad  Spaca  Manipulators  to 
Bqullibrium  Manifolds,”  I BBS 
Transactions  on  Robotics  and 
Automation.  Vol.  9,  No.  5,  Octobar 
1993. 

Mukhorjoa,  R.  and  Jordan,  P., 
"Faadback  Control  of  a  Thraa  Link 
Planar  Undor -Actuatad  Manipulator 
Using  a  "Surga"  Voloeity,  ”  ASMB 
Wlntor  Annual  Moating,  Now  Orlaans, 
LA,  1993. 

COMFBSBHCB  PRBSBMCATIOai  Mukharjao, 

R.  and  Jordan,  P.,  "Faadback  Control 
of  a  Thraa  Link  Planar  Undar -Actuatad 
Manipulator  Using  a  "Stirga" 
Valoclty, "  ASMB  Wintar  Annual 
Mooting,  Now  Orlaans,  LA,  1993. 

THBSIS  DIBBCXBDt  Jordan,  P., 
"Faadback  Control  of  a  Thraa  Link 
Planar  Uhdar -Actuatad  Manipulator 
Using  a  "Surga"  Valoclty,"  Mastar's 
Thasis,  Saptombor  1993. 

DOO  BBT  TBCBHOLOOr  ABBA:  Dasign 
Automtion . 

KBINUKDS:  Uhdar  Actuatad,  Spaca 
Manipulators  and  Surga  Valoclty. 
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HaMHOLCaiOMIC  MCyPTAW  PT^MWIMG  AMD 
SPACE  MMUPUIATOR  COUTROL 
R.  Mukherjee,  Asalstant  Profassor 
Department  of  Mechanical  Engineering 
Sponsor  and  Funding:  Unfunded 


raJECTIVB:  Tha  goal  o£  this  project 
was  to  develop  a  motion  planning 
scheme  for  nonholonomlc  systems  and 
apply  it  to  a  space  multibody  system 
for  attitude  control. 

Samhinr:  As  a  part  of  this  project 
we  developed  the  surface  integral 
algorithm  for  nonholonomlc  motion 
planning.  This  algorithm  was  used  to 
plan  trajectories  for  several 
nonholonomlc  systems.  The  algorithm 
was  particularly  useful  for  the 
attitude  control  of  a  space  structure 
using  a  three  link  rigid  robot 
manipulator . 

PaBUGATTOHSi  Nakamura,  Y.  and 
Mukherjee,  R.,  "Exploiting 
Nonholonosilc  Redxmdance  in  Free- 
Flying  Space  Robots,"  IKBK 
Transactions  on  Robotics  and 
Automation.  Vol.  9,  No.  4,  pp.  499- 
506,  August  1993. 

Mukherjee,  R.  and  Jiuiklns,  J.L., 
"Invariant  Set  Analysis  of  the  Hub- 
Appendage  Problem, "  AiAA  Journal  of 
Guidance.  Control,  and  Dynamics.  Vol. 
16,  No.  6,  pp.  1191-1193,  November 
1993. 

Mukherjee,  R.  and  Anderson,  D.P., 
"Nonholonomlc  Motion  Planning  Using 
Stokes'  Theorem,"  IEEE  International 
Conference  on  Robotics  and 
Automation,  Atlanta,  6A,  1993. 

Mukherjee,  R.,  "A  Surface  Integral 
Approach  to  the  Motion  Planning  of 
Nonholonosilc  Systesis,"  American 
Control  Conference,  San  Francisco, 
CA,  1993. 

Mukherjee,  R.  and  Zurowskl,  M., 
"Attitude  '  Control  of  a  Space 


Structure  Using  a  3-R  Rigid 
Manipulator,"  AIAA  Guidance, 
Navigation  and  Control  Conference, 
Monterey,  CA,  1993. 

COMFEREHCE  PRBSBHXa^aKS :  Mukherjee, 
R.  and  Anderson,  D.P.,  "Nonholonomlc 
Motion  Planning  Using  Stokes' 
Theorem, "  IEEE  International 
Conference  on  Robotics  and 
Autosiation,  Atlemta,  GA,  1993. 

Mukherjee,  R.,  "A  Surface  Integral 
Approach  to  the  Motion  Planning  of 
Nonholonomlc  Systems,"  American 
Control  Conference,  San  Francisco, 
CA,  1993. 

Mukherjee,  R.,  "An  Invariant  Set 
Analysis  of  the  Bub -Appendage 
Problem, "  American  Control 
Conference,  San  Francisco,  CA,  1993. 

Mukherjee,  R.  and  Zurowskl,  M., 
"Attitude  Control  of  a  Space 
Structure  Using  a  3-R  Rigid 
Manipulator,"  AIAA  Guidance, 
Navigation  and  Control  Conference, 
Monterey,  CA,  1993 . 

THESES  DIRBCTKDt  Zurowskl,  M. ,  LT, 
USN,  "Trajectory  Planning  for  Space 
Manipulators,"  Master's  Thesis, 
December  1993 . 

Maddox,  Douglas,  LT,  USN,  "An 
Experimental  Testbed  for  a  Free 
Floating  Manipulator,"  Master's 
Thesis,  December  1993. 

DOD  ESr  TBCHHOLOGT  AREA:  Design 
Automation. 

KXZWCMiDS:  Space  Robots,  Nonholonoad.c 
Motion  Planning,  Attitude  Control, 
and  Surface  Integral. 
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MnwT.Tiim  vwBTcm  GUmAMCK  AWP  COMTltOL  PTHMCCS 
F.A.  Papoullaa,  Aaalatant  Profaaaor 
Dapartaant  o£  Macbaiiieal  Bnglnaarixig 
Sponaor  and  Funding;  om  and  Haval  Poatgraduata  School 


OBJacnVBt  Th«  goal  of  thla  pro j  act 
waa  to  study  tha  nonllnaar  dynasdcs 
originating  from  intaraetiona  of 
guidanea  and  control  functions  of 
marina  vahiclaa. 

SaanUKTs  Saparation  of  guidanea  and 
control  functions  of  an  autonomous 
vahiola  is  nacassary  for  propar 
nagotiatlon  of  tha  vahicla  and  its 
anvironmant.  For  accurata  path 
kaaplng  tha  dynasties  of  the  guidance 
law  snist  ba  as  fast  as  posslbla. 
This  sats  a  lower  bound  for  tha 
autopilot  reaction  time.  Oeaan 
vahielas  suffer  from  a  number  of 
dynamic  lags  in  their  motion  response 
and  actuator  aising,  and  these  lags 
sat  an  upper  bound  for  their  reaction 
time.  At  tha  intersection  of  these 
two  bounds,  it  is  posslbla  that  loss 
of  stability  of  tha  entire 
guidance/autopilot  schema  auiy  oecxir. 
Tha  results  of  this  project  indicated 
that  tha  mechanism  of  stability  loss 
is  through  bifurcations  to  periodic 
solutions  although  solution  branching 
has  also  boon  observed  in  certain 
cases.  In  order  to  analyze  stability 
properties  of  the  resulting  periodic 
solutions  we  proceed  with  a 
systematic  nonlinear  study,  utilizing 
bifurcation  theory,  center  manifold 
reduction,  and  integral  averaging. 
The  results  demonstrated  the 
existence  of  either  subtle  or 
catastrophic  bifurcations  to  periodic 
solutions  and  provided  ostlziates  of 
their  amplitude  and  period.  It  was 
shown  that  application  of  nonlinear 
dynaad.es  techniques  is  necessary  for 
reliable  estimates  of  vehicle 
operational  envelopes  for  given 
envlronamntal  conditions  and  zdsslon 
specifications . 


PDBLICATKMBt  Papoulias,  F.A. ,  "Loss 
of  Stability  of  Ouldance  and  Cmitrol 
Iiaws  for  Autonomous  Vehicles," 
Dynamics  and  StabilUy  Tf  gYfttf 
Vol.  8,  No.  2,  pp.  101-125,  March 
1993. 

Papoulias,  F.A.,  "Dynasdes  and 
Bifurcations  of  Pursuit  Ghildance  for 
Vehicle  Path  Keeping  in  the  Dive 
Plane,"  Journal  of  Ship  Research. 
Vol.  37,  No.  2,  pp.  148-165,  JUne 
1993. 

Papoulias,  F.A.,  "On  the  Nonlinear 
Dynasdes  of  Pursuit  Ouidanee  for 
Marino  Vehicles,"  Journal  of  Shin 
Research.  Vol.  37,  No.  4,  pp.  342- 
353,  December  1993. 

COmrKIUBICK  PRSSKMXaKrXOMSt  Papoulias, 
F.A.,  "Nonlinear  Vehicle  Ouidanee  and 
Control  Dynasdes,"  University  of 
Michlgan/Sea  Orant/MIT  Workshop  on 
Offshore  Station  Keeping,  Ann  Arbor, 
Ml,  Nay  1993. 

Papoulias,  F.A.,  "The  N.P.S.  AUV 
Project,"  ONR  Workshop  on  Nonlinear 
Adaptive  Control,  College  Park,  MD, 
September  1993. 

THSSSS  DIRHCTRD;  Oral,  Z.O.,  LT, 
Turkish  Navy,  "Hopf  Bifurcations  in 
PathControl  of  Marine  Vehicles," 
Master's  Thesis,  June  1993. 

Cumsdngs,  O.P.,  LCDR,  D.S.  Coast 
Guard,  "Enhancing  Path  Stability 
Characteristics  of  Narine  Vehicles  in 
the  Presence  of  Positional 
Inforsuition  Tism  Lags,"  Master's 
Thesis,  September  1993. 
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T.  Saxpkaya,  DlstingulBhad  Professor 
Depertaent  of  Mechanical  Engineering 
Sponsor  and  Funding;  National  Science  Foundation 


OaJSCnVB:  continuing  coiqputatlonal 
and  axparlaantal  fluid  dynaalca 
rasoarch  towards  tha  undarstandlng  of 
tha  affact  of  unataadlnaaa  on  tha 
eharactarlstlcs  of  tha  rasultlng 
tlaa-dapandant  flow  and  raslstanea. 

SOBOUnr:  a  two-stap.  thraa-laval, 
f Inlta-dlf f aranca ,  pradlctor- 
corractor  mchmmm  (basad  on  tha 
sacond-ordar  Adams-Bashforth  inathod) 
and  a  Past  Poisson  Solvar  basad  on 
FFT  BMthods  ara  usad  to  carry  out  tha 
nxmarlcal  axparlmants .  A  von  Hatunann 
llnaar  stability  analysis  was 
parforstad  and  tha  mash  slzas  and  tlma 
staps  wara  chosan  to  provlda  a 
conditionally  stabla  solution.  Tha 
physical  axparlsiants  wara  carrlad  out 
In  a  n-shapad  oscillating- flow  ttinnal 
for  various  Reynolds  and  Kaulagan- 
Carpantar  numbars.  Tha  results  wara 
found  to  be  In  reasonable  agreement 
with  those  obtained  axparlmantally. 
Tha  methodology  has  boon  axtandad  to 
Gaussian  oscillations  of  tha  flow 
about  a  cylinder  to  simulate  tha 
ocean  environment. 

POBUCATIom:  Sarpkaya,  T., 
■Offshore  Hydrodynamics,"  Journal  of 
Offshore  Mechanics  and  Arctic 
Knalnaarlna.  Trans.  ASMS,  Vol.  115, 
Ho.  1,  pp.  2-5,  February  1993. 


Sarpkaya,  T.,  Putslg,  C.,  Gordon,  D., 
Wang,  X.,  and  Dalton,  C.,  "Vortex 
Trajectories  Around  a  Circular 
Cylinder  In  Oscillatory  Plus  Mean 
Flow,"  Journal  of  Offshore  Mechanics 
and  Arctic  Bnolnaarlna.  Trans.  ASm, 
Vol.  114,  Ho.  4,  pp.  291-298, 
Hovambar  1992. 

THESIS  DIRHCTHDi  Vanover,  K.C.,  LT, 
nSH,  "Hustarlcal  Analysis  of 
Translstory  Oscillating  Flow  About  a 
Cylinder,"  Master's  Thesis,  JUna 

1993. 

OTHBt:  Sarpkaya,  T.,  "Vortex  Rlsmsnt 
Methods  for  Flow  Simulation,  ■  In 
Advances  In  Applied  ih.  Wu 
and  H.  Hutchinson,  ads.,  AcadastLc 
Press,  In  press,  due  to  appear  April 

1994. 

Sarpkaya,  T.,  "Dhstaady  Flowsi 
Analysis  and  Kxparimants ,  ■  in 
Handbook  of  Fluid  PYDfBi?t-  J.A. 
Schatz,  (Senior  Kdltor) ,  John  Wiley  6 
Sons,  in  prass,  due  to  appear  June 
1994. 

DOO  KBT  THCBHOUXnr  ARKA;  Other. 

XXXWORDS ;  Computational  Fluid 
Dynasties,  Vortex  Motion,  Bluff 
Bodies . 


TORBULKIIT  VOKTKX/yttW-gPagACK  IMTIRACTIOMS 
T.  Sarpkaya,  Dlstlagulshad  Professor 
Depertaent  of  Mechanical  BnglneerdLng 
Sponsor  and  Funding:  Chief  of  Mhvml  Research  (OMR) 


OBJICTIVS:  The  continuation  of  basic 
and  applied  research  towards  the 
understanding  of  the  phenomena 
resulting  from  the  Interaction  of 
turbulent  vortices  with  clean  or 
contasilnatod  free  surface.  The 
quantification  of  the  characteristics 
of  turbulence  (stresses,  structures 
and  turbulent  kinetic  energy)  through 
extensive  measuresients  (LDV) ,  flow 
visualisation  (LZF) ,  Proper- 
Orthogonal  -Decomposition  (POD)  and 
nxmarlcal  analysis. 

smaoURTt  The  statistical  as  well  as 
structural  characteristics  of  the 
turbulent  flow  field  resulting  from 
the  interaction  of  single  or  dipole 
turbulent  vortices  with  clean  and 
contaminated  free  surfaces  were 
investigated  in  order  to  elucidate 
the  physics  of  the  phenoatena  relevant 
to  the  tmder standing  of  near-surface 
structures  In  ship-generated  wakes. 

Turbulence  Intensities,  energy 
spectra,  and  turbulent  stresses  are 
measured  with  an  LDV  In  the  region 
between  a  single  trailing  vortex  and 
the  free  surface.  Aiiq>lificatlon  of 
the  streamwise  and  transverse 
components  of  turbulent  velocity, 
coupled  with  a  sharp  reduction  In  the 
vertical  turbulent  velocity,  was 
found  near  the  free  surface.  The 
energy  spectra  shows  that,  as  the 
free  surface  is  approached,  there  Is 
a  preferential  attenuation  of  low 
frequencies  (large  scales)  for  the 
vertical  velocity  fluctuations  and  a 
net  energy  gain  at  the  same 
frequencies  for  the  streamwise  and 
transverse  turbulence  conponents . 
Thus,  the  free-surface  redistributes 
the  normal  Component  of  the  turbulent 
kinetic  energy  into  streamwise  and 


apanwise  components  at  large  eddy 
scales,  and  renders  the  near -free- 
surface  turbulence  strongly 
anisotropic.  The  predominant 
coherent  structures  are  (1)  swirling 
surface  depressions  whoso 
preferential  merging  leads  to  reverse 
energy  cascade  and  eddy  longevity, 
and  (11)  flattened  large  eddies  with 
axes  nearly  parallel  to  the  free 
surface.  The  entire  process  Is 
driven  by  the  underlying,  nearly 
isotropic,  three-dimensional 
turbulence  field. 

PDBLIChTIOMS:  Sarpkaya,  T., 
"Coherent  Structures  in  Oscillatory 
Boundary  Layers , ■  Journal  of  Fluid 
Machjmics,  Vol.  253,  pp.  105-140, 
August  1993. 

Sarpkaya,  T.  and  Carroll,  J.B., 
"Interaction  of  a  Turbulent  Vortex 
with  a  Free  Surface,"  In  Proceedings 
of  the  Nineteenth  Symposium  on  Naval 
Nydrodynasiics ,  National  Academy 
Press,  Vol.  1,  pp.  163-174,  September 

1993. 

Sarpkaya,  T.,  "Review  of  the 
Mechanics  of  Fluids , "  Applied 
Mechanics  Reviews.  Vol.  45,  No.  10, 
pp.  143,  October  1993. 

Sarpkaya,  T.,  "Review  of  the  Benard 
Cells  and  Taylor  Vortices,"  Applied 
Mechimlcs  Review.  Vol.  46,  No.  9,  pp. 
127-128,  September  1993. 

Sarpkaya,  T.  and  Neubart,  D., 
"Interaction  of  a  Streamwise  Vortex 
with  a  Free  Surface, "  American 
Institute  of  Aeronautics  and 
Astronautics  Journal,  accepted  for 
publication,  due  to  appear  March 

1994. 
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OaVBOBKB  FBBnORATZant  Sarpkaya, 
T.  and  Naubart,  O.,  ■Intaraetlon  of  a 
Straaawlsa  Vortax  with  a  fraa 
Surfaea,"  AIJUI-93-055S,  31at 
Aarospaea  Sclancaa  Maating,  Rano,  MV, 
11-14  January  1993. 

Sarpkaya,  T.,  *Vortieity/rraa-Sur£aea 
Intaraetlon, ”  in  Proeaadlngs  of  tha 
Xntarnational  Confaranea  on 
Vortlelty/Boundary  Intaraetlons,  Vol. 
1,  pp.  1-17,  25-30  Saptaodsar  1993. 

Sarpkaya,  T. ,  'On  tha  Instability  of 
tha  Stokas  Boundary  Layar, *  in  Maar- 
Nall  Turbulant  Plows,  R.M.C.  So,  C.Q. 
Spaslala  and  B.B.  Laundar,  (Bds) , 
Blsavlar  Seianea  Publiahara,  Vol.  1, 
pp.  479-488,  8-12  March  1993. 

THBSMS  DZRBCTDt  Carroll,  J.B., 
"Praa-Surfaea/Vortleityintaraetion, * 
Mastar's  Thasla,  Saptaadiar  1993. 


Marrill,  C.P.,  LT,  08M,  ■MUaMrieal 
Analysis  of  Singla-Vortax/Praa- 
Surfaea  Intaraetlon,"  Mastar's 
Thasls,  Daeaabar  1993. 

Magaa,  M.P.,  LT,  USM,  "Spaetral 
Charactaristies  of  tha  Vortax/Praa- 
Surfaea  Intaraetlon,"  Mastar's 
Thasls,  Daesobar  1993. 

Naubart,  Jr.,  D.C.,  LT,  USM, 
"Trailing  Vortax/Praa-Surf aea 
Intaraetlon,"  Mastar's  Thasls, 
Dacasbsr  1992. 
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«TBTirTnp«fl  mmmxTWB  tot^tomu 
T.S.  Shin,  Profasaor 
T.lf.  Kwon,  Aflaociata  Profaaaor 
DapartaMnt  of  Machanical  Bnglnaaring 
Sponsor  and  Funding:  Dafanaa  Huclaar  Agancry 


OBJacrxvSt  to  «dvanc«  our 
undorstandlng  on  th«  shock  induced 
dynasde  rosponss  and  failure 
SMchanisB  of  conposita  and  SMtal 
structures  to  underwater  explosions. 

Snaaunrt  The  significant  progress  in 
this  research  has  been  siade  in 
understanding  the  nonlinear  dynaodc 
response,  the  failure  process  and 
physics  of  submarine  hull  collapse 
when  subjected  to  underwater 
eoqploslons  (DMDRX)  .  This  project  is 
a  continuation  of  the  effort 
performed  in  PY92  in  which  DYNklD 
(nonlinear  Dynamic  Analysis  of 
Structures  in  Three  Distensions)  code 
was  coupled  with  USA  (Uhderwater 
Shock  Analysis)  code  and  USA-DYHASD 
code  has  been  fully  operational  at 
Naval  Postgraduate  School .  The 
research  efforts  were  divided  into 
two  areas  in  FT93;  (i)  the  damage 
response  of  submerged  Imperfect 
cylindrical  structures  to  UNDBX,  and 
(il)  the  dynastic  response  of  multi¬ 
ply  composite  circular  cylinder  to 
UNDKX.  The  effect  of  the  initial 
geomatrlc  Imperfections  to  the  daisage 
response  of  subsierged  structures  to 
UNDEC  was  investigated.  The  type  of 
the  substerged  structure  Investigated 
was  the  ring-stiffened  long  circular 
cylinders  subsierged  in  the  fluid. 
The  strain  hardening  stlld  steel  was 
used  in  the  analysis.  The  siodal 
imperfection  concept  was  used  to 
stissilate  the  initial  geometric 
imperfections.  The  numerical 
analyses  were  performed  to  looking 
into  the  details  of  dasiage  response 
of  ring-stiffened  cylindrical  shells. 
The  following  a»dels  were  considered: 
(1)  2D  infinite  circular  cylinder 


models,  and  (11)  3D  Infinite  and 
finite  length  ring-stiffened 
cylinders  a»dels.  The  computational 
results  showed  that  the  dynamic 
buckling  or  dishing  type  of  shell 
defonaatlon  was  vary  much  pronounced 
in  the  imperfect  models,  which 
compared  wall  with  the  UNDBX  test 
results.  For  the  dynamic  response  of 
multi-ply  coi^osite  circular 
cylinder,  finite  element  model  was 
developed  for  10  plies  of  82- 
glass/epoxy  ( [0/4S/90/-45/90/45/90/- 
45/90/90]  composite  cylinder 
subjected  to  side-on  attack  geometry. 
The  numerical  results  of  the  elastic 
strain  response  compares  well  with 
the  ejqperlmental  measurements  in 
early  timms.  However,  the  results 
diverge  at  lata  tlauis.  Both  sutterial 
damage  as  well  as  geometric 
imperfections  in  the  cosaposite 
cylinder  were  studied  to  investigate 
this  discrepancy. 

FUBLICATIORS:  Hooker,  D.T.,  Shin, 
Y.S.,  and  Kwon,  Y.N.,  "Effect  of 
Initial  Imperfections  on  the  Response 
of  Cylinders  to  underwater  Shock, "  in 
Proceedings  of  the  64  th  Shock  and 
Vibration  Symposium,  Vol.  II,  Fort 
Nalton  Beach,  FL,  26-28  October  1993. 

Rousseau,  N.P.,  Kwon,  Y.W.,  and  Shin, 
Y.S.,  "Dynandc  Response  of  a  Filament 
Wound  Coaposite  Cylinder  Bxposed  to 
Uhdorwatar  Shock, "  in  Proceedings  of 
the  64th  Shock  and  Vibration 
Symposium,  Vol.  Ill,  Fort  Walton 
Beach,  FL,  26-28  October  1993. 

Hooker,  D.T.,  Shin,  Y.S.,  and  Kwon, 
Y.W.,  "Bffect  of  Initial 
Imperfections  on  the  Response  of 
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Cylinders  to  Underwater  Shock, ■  KPS 
Teehnleel  Report  lfPS-lll-93-OOC, 
Oeeanber  1993. 

Ronsaoeu,  M.P.,  Xwon,  Y.W.,  end  Shin, 
Y.S.,  "Dynamic  Reaponse  of  a  Pllaaent 
Round  Composite  Cylinder  Bxposad  to 
underwater  Shock, ■  HPS  Technical 
Report  HPS-lII-93-005,  December  1993. 

OOnrUHOI  PRSSnTMnOHSt  Hooker, 
D.T.,  Shin,  Y.S.,  and  Kwon,  Y.W., 
"Xffect  of  Initial  Imperfections  on 
the  Response  of  Cylinders  to 
Uhderwater  Shock,"  64  th  Shock  and 
Vibration  Symposium,  Port  Walton 
Beach,  PL,  26-28  October  1993. 

Rousseau,  M.P.,  K%ron,  Y.W.  and  Shin, 
Y.S.,  "Dynamic  Response  of  a  Pllament 
Wound  Composite  Cylinder  Imposed  to 
Uaderwater  Shock, "  64th  Shock  and 
Vibration  Symposium,  Port  Walton 
Beach,  Pit,  26-28  October  1993. 


TKB8BS  DZXBCnDi  Hooker,  D.T.,  Vt, 
USN,  "Bffect  of  Initial  Imperfections 
on  the  Response  of  Cylinders  to 
uaderwater  Bxplosloa, "  Bnginear's 
Degree  ia  Mechaaloal  Engineering, 
Dacemhar  1993. 

Rousseau,  M.P.,  LT,  USH,  "Dynamic 
Response  of  a  Pllament  Wound 
Composite  Cylinder  Hxposed  to 
underwater  Shock,"  Master's  Thesis, 
SepteBd>ar  1993. 

(ilHHRt  Y.S.  Shin  gave  the  invited  3 
hour  lectures  on  Underwater 
Implosions  and  Their  Responses  to 
Structures  at  the  64th  Shock  and 
Vibration  Symposium,  Port  Walton 
Beach,  PL,  26-28  October  1993. 
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PYMMgC  RKSPOySK  OF  C0HP4T  8Y8TWI  gQUIPMBirr 
TO  TWPERMXTgR  PPLOSIOil 
Y.S.  Shin,  Professor 
Departaent  of  Mechanical  Biigineering 
Sponsor  and  Funding:  Naval  Sea  Systaas  Cosaand,  Code  03K213 


(aJSCnVB:  To  d«v«lop,  daalgn,  build 
and  tasting  "tunad"  nounting  £ixtura 
to  simulate  tha  ship -shock 
anvlronnant  and  its  affect  to  combat 
system  equipment  using  XI. S.  Navy's 
Madlusnreight  Shock  Machine  with  tuned 
mounting  fixture. 

snsnST:  Shipboard  combat  system 
aqulpatant  must  be  designed  to 
withstand  severe  shock  excitations 
induced  by  underwater  explosion, 
either  conventional  or  nuclear.  The 
response  of  cosibat  system  equipment 
to  underwater  explosion  is  basically 
vibrational  in  nature.  The  equipment 
tends  to  vibrate  at  its  fundamental 
natural  frequency  or  a  low  ran'*'!  jt 
natural  frequencies,  when  excited  by 
the  shock  wave.  The  i.aximum 
anqplltude  of  the  vibration  usually 
occurs  after  the  shock  wave  passes 
the  ship.  The  shock  response  wave 
form  is  remarkably  different  at 
various  levels  within  the  ship.  In 
essence,  the  ship  acts  as  a  low  pass 
mechanical  filter  which  alters  the 
characteristics  of  the  propagating 
shock  wave  from  one  possessing  high 
frequency  coiiq>onents  to  one  that 
contains  relatively  low  frequency 
components.  Thus,  the  shock 
qualification  for  combat  system 
equipment,  which  are  usually  located 
in  upper  levels  of  the  ship,  is  a 
vibration  problem  in  which  relatively 
low  frequency  equipment  support 
foundation  excitations  are  observed. 
The  n.S.  Navy's  shock  qualification 
requirements  are  mandated  in  MIL-S- 
901D.  Of  particular  interest  is  the 
0.S.  Navy's  Mediumwelght  Shock 
Machine  (MHSM)  used  for  shock 
qualification  of  equipment  ranging 


from  230  to  6000  lbs.  This  hamsMr 
anvil  device  delivers  high  energy, 
high  frequency  shock  excitation  to 
items  affixed  to  it.  This  type  of 
high  frequency  excitation  waveform  is 
significantly  different  from  the 
actual  waveforms  that  have  bean 
observed  at  various  equipment 
locations  during  ship  shock  trials. 
The  differences  can  be  reduced  by 
substituting  a  specially  designed 
"tuned”  test  mounting  fixture  for  the 
default  iBOunting  fixtures  currently 
used  to  affix  test  itesm  to  the  MNSM. 
A  tuned  mounting  fixture,  designed  to 
respond  at  specific  natural 
frequencies  when  excited  by  the  MNSM, 
will  provide  a  better  simulation  of 
the  actual  shock  phenomena 
e:qper lances  by  shipboard  equipment. 
The  multi-DOF  tuned  siounting  fixture 
was  designed  by  NFS  and  fabricated  by 
CDNSWC.  The  initial  shock  testing 
using  D.S.  Navy's  medlusiwelght  shock 
machine  with  designed  tuned  mounting 
fixture  was  performed  at  NUSC, 
Newport,  RI,  and  the  analytical 
results  were  compared  with  those  of 
tests. 

PDBLICATIOM:  Cox,  D.M.,  Shin,  Y.S., 
emd  McLean,  M. ,  "Design  of  a  Multi- 
DOF  Tuned  Mounting  Fixture  for  the 
Navy's  Mediumwelght  Shock  Machine," 
in  Proceedings  of  the  64th  Shock  and 
Vibration  Sysposlum,  Vol.  II,  Fort 
Walton  Beach,  FL,  26-28  October  1993. 

COHFMRNHCB  PSKSBRATIOK:  Cox,  D.M., 
Shin,  Y.S.,  and  McLean,  M. ,  "Design 
of  a  Multi -DOF  Tuned  Mounting  Fixture 
for  the  Navy's  Madlumwaight  Shock 
Machines,"  64th  Shock  and  Vibration 
Synposlum,  Fort  Walton  Beach,  FL,  26- 


295 


28  October  1993. 


XRinUMt  ItodiuMolght  Shock 

Machlno,  Multi -DOV  Tuaod  Mounting 
tMISZS  DXSMCTMDt  Cox,  D.M.,  LT,  USM,  Sixtiir*,  Underwater  Implosion,  Shock 

"Design  of  e  Multi -DOF  Tuned  Mounting  Spectra. 

Fixture  for  the  Navy's  Mediusnreight 
Shock  Machine,"  Master's  Thesis, 

June  1993. 


MOD  Onr  TMCBNOXiOOT  AKKk:  Other. 


SHIPBOABD  MXfTHTligRY  COMDITiail  MOMITOFTiMa  nim 
DIAGHOSTICSt  ANALYSIS.  APPROACH  AMD  ASSyp*"™*  »» 

yiBRATIOM  gMTTMBTA 
T.S.  Shin,  Professor 
Departaent  of  Mechanical  Engineering 
Sponsor  and  Funding:  Naval  Ship  Systesw  Engineering 

Station  (HEVSSES) 


OBJMCnvSt  The  scientific  objectives 
include  to  review  the  currant 
AssasssMnt  of  Bquipment  Condition 
(ABC)  methodology  for  vibration 
criteria,  perform  statistical 
analysis  of  vibration  data  taken  from 
shipboard  auichlnery  such  as  fire 
ptnnp,  and  establish  the  alert 
criteria  as  a  means  of  assessing 
machinery  condition. 

snSBUKTi  This  is  a  new  research 
project  for  basic  and  applied 
research  in  shipboard  machinery 
condition  monitoring  and  diagnostics. 
The  vibration  alert  level  plays  a 
vital  role  in  a  machinery  condition 
monitoring  and  diagnostics  for  early 
warning  of  fault  development  in  the 
machinery.  Two  approaches  in  setting 
the  vibration  alert  level  were 
studied  in  time  and  frequency  domains 
using  the  vibration  signals  generated 
by  shipboard  fire  pumps.  In  tisw 
domain  approach,  cross  peak  analysis 
(CPA)  was  developed  to  extract  the 
dosdnant  peak  envelop  aovlltude 
between  the  zero  crossings.  The 
statistical  analysis  of  the  measured 
data  showed  that  the  peak  envelop 
distribution  follows  the  log  normal 
distribution  in  a  linear  velocity 


scale.  However,  it  follows  the 
Oaussian  distribution  in  a  velocity 
dB(VdB)  scale.  With  the  Oaussian 
distribution,  the  mean  plus  two 
standard  deviations  in  VdB  was 
detenained  as  a  broadband  alert  level 
with  97.7%  of  acceptance  level.  In 
the  frequency  domain  approach,  1/1 
full  Octave  Band  Analysis  (OBA)  was 
performed,  which  divides  the 
frequency  spectrum  into  constant 
porcontaga  bands.  The  results  of  the 
studies  show  that  the  change  in  VdB 
level  in  frequency  is  snre  pronounced 
in  OBA  than  that  of  the  broadband 
level. 

PUBUCATIOMt  Liu,  C.8.,  Jeon,  J.J., 
and  Shin,  Y.S.,  "Analysis,  Approach 
and  AssessiMnt  of  Vibration  Criteria 
in  Shipboard  Machinery  Condition 
Monitoring  and  Diagnostics,"  HPS 
Technical  Report  MPS-MB-93-005A,  30 
September  1993. 

TBB8IS  DIRMCnOt  Liu,  C.S.,  CAPT, 
Republic  of  China,  "Analysis, 
Approach  and  Assessment  of  Vibration 
Criteria  in  Shipboard  Machinery 
Condition  Monitoring  and 
Diagnostics,"  Master's  Thesis, 
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OBJMCTXVS:  Tha  sciantlflc  objactlvas 
includa:  (1)  to  study  tha  oparational 
anvironaant  in  which  tha  ALISS  oust 
ba  dasignad  to  parfora  and  to  aaka  a 
racoaaandatlon  on  shock  and  vibration 
dasign  crltaria,  (11)  to  conduct  a 
raviaw  of  tha  awgnat  shock  tast 
apparatus  currantly  in  usa  and  to 
aaka  any  dasign  aodlficatlon  if  any, 
and  (ill)  to  raviaw  tha  coaaon 
cryoganlc  supports  which  ara 
Candida tas  for  usa  in  tha  ALISS  and 
to  dasign  a  shock  tast  apparatus  to 
tast  tha  parfoxaanca  of  thasa 
cryoganlc  supports. 

SOHHAKTi  This  is  a  naw  stock  and 
vibration  rasaarch  pro j  act  in  support 
of  Advanced  Lightweight  Influence 
Sweep  Systan  (ALISS)  .  ALISS  is  an 
Advanced  Technology  Deaonatratlon  to 
validate  tha  feasibility  of 
stiparconductlng  technology  to  sweep 
■agnatic  Influanca  sdnas.  Mina 
countarsMasuras  (MCM)  ara  conducted 
to  clear  or  nap  a  safe  passage 
through  anti -Invasion  alna  fields. 
Tha  Navy  has  already  Idantiflad 


critical  daficianclas  in  their 
capability  to  conduct  rapid  MC3I  in 
support  of  a  "surface  forcible 
entry."  Charactarlstlcs  of  MCM 
systaaui  currantly  used  to  counter 
■agnatic  influanca  adnas  restrict 
sweep  rates.  Unit  sweep  rates.  Unit 
tha  ability  to  accurately  siaulata  a 
ship's  nagnatic  signature,  and 
require  a  niniiM  water  depth. 
Advances  in  superconducting 
technology  over  tha  last  twenty  years 
have  significantly  increased  tha 
feasibility  of  sivarconducting  nine 
countarsMasuras  (SCNCM)  for  ■agnatic 
influanca  adnas.  A  SCMCM  systSB 
should  ba  snail,  light,  and  slapla 
coaparad  to  cvirrently  deployed  MCM 
systSM.  Whan  ALISS  (Advanced 
Lightwaisd^t  Influanca  Sweep  Systaa) 
is  constructed  as  a  siqparconductlng 
adna  countamaasura,  tha  systaa  aust 
parfosn  satisfactorily  under  tha 
axtranas  of  shock  and  vibration 
anvlronsMnt  encountered  in  adlitary 
applications.  An  Instantsnoous 
relative  notion  between  tha 
superconducting  coll  and  its  siqpport 
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or  b«tw««n  c  a  ■•gmont  of  th« 
•uporconductlng  coll  and  anothor  can 
causa  sufflclant  frictional  boating 
to  raiso  tha  taaparatura  of  tha  coil 
locally  abova  tha  critical 
taaparatura  of  tha  suparconductor . 
Nhon  raisad  abova  its  critical 
taaparatura,  tha  suparconducting 
aatarlal  suddonly  changaa  from  its 
suparconducting  stata  into  a  normal, 
rosistivo  stata.  Tha  vary  high 
aloctrical  currants  carriad  by  tha 
suparconductor  must  suddanly  ba 
carriad  by  a  normally  raaistlva  wlra, 
with  tha  rasult  that  tha  raslstlvo 
boating  rapidly  ralsaa  tha 
taaparatura  furthar.  Tha  high 
amgnatic  flald  of  tha  suparconducting 
coll  collapsas.  To  rastora  its 
usofulnoss,  all  powar  imimt  ba  ramovad 
from  tha  coll,  and  tha  coil  must 
again  ba  coolad  to  tha  vary  low 


cryoganlc  toaparaturas  balow  tha 
critical  taaparatura  at  id^leh  tha 
matarial  is  suporconductlva.  Powar 
aiay  than  ba  appliad  to  rastora  tha 
magnotic  fiald  of  tha  suporconduetlng 
coils  and  ratum  tha  motor  or 
ganarator  to  usaful  sarvica.  Tha 
tasks  conductod  Includa  tha 
dafinltlon  of  tha  shock  and  vibration 
anvironmant,  daslgn  modification  of 
tha  magnat  shock  tost  apparatus  and 
daslgn  of  a  cryoganlc  support  shock 
tast  apparatus. 

IBSSIS  OXKBCTSD:  Boy,  Brie,  LT, 
has  boon  tforking  on  this  pro j act. 

DQD  KKT  nCBMOLOOr  hSBhi  Othar. 

XXnOKDSt  ALISS,  Suparconducting 
Mina  Coimtarmoasuros ,  Light  Nalght 
Xnfluanca  Nina  Swoop  Systam,  Shock 
and  Vibration. 
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DEPARTMENT 

OF 
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Robert  L.  Haney 
Chainnan 


Th«  D«p«rtMnt  of  Motoorology  has  a  vary  actlva  rasaarch  prograa  la  araas  of  Kavy 
ralavanca.  In  1993  wa  saw  a  nxisdbar  of  laportant  t^tgradas  la  our  rasaareh 
facllltlas  that  support  thasa  rasaareh  prograsui.  Thasa  v^gradas  in  faellltias 
ara  glvan  balow,  follow«td  by  a  list  of  tha  rasaarch  araas  and  awjor  rasaareh 
prograns  in  tha  dapartsMnt  and  a  list  of  tha  faculty  points  of  contact  for  thasa 
araas  and  spaeific  programs.  Datails  of  tha  various  rasaarch  efforts  ara  found 
in  tha  rasaarch  project  sussuirias  that  follow. 


UPGRADED  RESEARCH  FACILITIES 

IDKA  XAB  -  16  SOI  workstations 

-  MKXRAO  PUP  ('95) 

CRAY  Mini -Supercomputer  on  Campus 

MRASURRMDITS  lAB  -  405  MBs  Boundary  Zaiyar  Wind  Profiler 

915  MHZ  Boundary  Layer  Wind  Profiler 
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TACTICAL  LAB  -  SMQ-11  Installation 

SYNOPTIC  LAB  -  Interactive  Projection  a  Display  System 
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COASTAL  MSASURRMRHTS  AMD  MODBLIMO  (7  Faculty) 

COASTAL  ARI  (OMR) 

RIAL-TIMB  COASTAL  ANALYSIS  (OMR) 

RASTBRM  BOUNDARY  CURRKMTS  ARI  (OMR) 

RPAs  (OMR) 

SYMOPTIC/FORBCASTIMG  (9  Faculty) 

cxmrr  (mws/msf) 

PICKBT  FBMCB  (MSF) 

MUMBRICAL  AMALYSIS/PRBDICTIOM  (7  Faculty) 

FRONTAL  MODBLIMO  (MSF) 

BOUNDARY  LAYBR/ABROSOLS  (3  Faculty) 

LBADBX  (OMR) 

ASTBX  (OMR) 


ASMCNIVaiZC  BIBO  (2  Faoulty) 
VOOUl  (MKaD) 
lokmv  iJOMD) 

MMOra  nanZM  O  Faculty) 
SKtV  nuocf  (OHR) 

■MUl  (OMR) 
MOMCtBC/BRS-1  (MRZ.) 

■aval  Roatflraduata  Rcliool 
Dapartaant  of  Mataorolopy 
Stf  Oyar  Road*  Rooa  254 
■otttaray,  CR  93543-5114 


Tal^bonaa  t 

Voice I  (405)  555 -2515 
FAXt  (408)  555-3051 
D»i  878-251-ZXXZ 
■lactroalc  Mailt 
OMRRTi  MFS.MRT 

nmmiBT  t  Olady .  aat .  nps .  navy .  ail 


RESKARCH  POUTTS  OF  COVrtKCT 


TROPZCAL/TROPICAL  CYCLOMBS  (9  Faculty) 

L.  R.  Carr  (x2374)  -  TCM 

R.  L.  Rlaborry  (x2373)  -  TCM-90,  -92«  -93 

C.-F.  Chang  (s2840)  -  Ca.ORRX./M0«8O0«S 

R.  T.  williaaa  (ac2295)  -  TCM,  Cai0BlU;./LR»IS00M8 

COASTAL  NBASURBNENTS  AMD  NODBLXMG  (7  Faculty) 

K.  L.  Davidson  (x2309)  -  VOCRR 
P.  A.  Durkoo  (x3455)  -  RPAs 

R.  L.  Raney  (x2517)  -  RASTRRM  BODMDART  CDRRRMTS  ARI 
T.  R.  Rolt  (x2851)  -  COASTAL  ARI 

W.  A.  Muss  (x2308)  -  COASTAL  ARI,  RBAL-TIMl  COASTAL  AMALTSIS 
C.  H.  Wash  (x2295)  -  VOCAR 

SmOPTXC/FORBCASTINO  (9  Faculty) 

C.-P.  Chang  (x2840)  -  COMIT 
W.  A.  Muss  (x2308)  -  COMET 
C.  B.  Wash  (x2295)  -  COMIT 

R.  L.  Ilsborry  (2373)  -  STORM  FIST  (PICXIT  FINCI) 

NUNBRZCAL  AMALYSIS/PREDICTION  (7  Faculty) 

W.  A.  Muss  (X  2308)  -  RIAL-TIMI  COASTAL  AMALTSIS 
R.  T.  Wllllau  (x2295)  -  FKmTAL  MODILIMO 

BOUNDARY  LAYER/AEROSOLS  (3  Faculty) 

P.  A.  Durkaa  (x3455)  -  RPAs,  ASTH 
K.  L.  Davidson  (x2309)  -  mDIZ 
T.  R.  Holt  (X2851)  -  COASTAL  ARI 
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AIMOSPBSRZC  BmO  (2  raoulty) 

K.  L.  Davldseo  (x2309)  -  VOCAS,  MATTZV 
C.  a.  Wash  (xa295)  -  VOCAR,  1IA9TI9 

RmOTI  SWSZlia  O  raeulty) 

K.  L.  Davldaoa  (x2309)  -  nS-l/MOaCSlX 
P.  A.  Durkaa  (x34C5)  -  SHIP  TRAOCS,  ASTIR 
C.  a.  Waah  (X2295)  -  VOCAR 
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TROPICATt  Mnwsooil  STUDIES 
C.-P.  Chazig,  Professor 
R.T.  Wllllaas,  Professor 
Departnent  of  Meteorology 
Sponsor  end  Funding:  Netional  Science  Foundation 


OBjaCTIVS:  The  purpos*  of  this 
pro j set  is  to  study  ths  structurs  and 
bshavlor.  Including  ths  dynaaiical  and 
thomodynaaic  mschanisios,  of  largs- 
and  cyclons-scale  atnospharic  motion 
systaas  in  ths  tropics  and 
subtropics,  particularly  thoss  in  ths 
wastarn  Pacific  and  tha  Asian  monsoon 
ragion . 

small  FT:  An  ampirical  raliability 
study  was  complatad  to  tast  tha 
sansitivitias  of  tha  Kultipla-sat 
Canonical  Correlation  Analysis  (MCCA) 
davalopad  last  yaar.  Tha  tachniqua 
ganaralizas  tha  conventional  two-sat 
Canonical  Correlation  Analysis.  Tha 
case  study  used  an  MCCA  application 
of  tha  850  hPa  meridional  wind  data 
over  tha  tropical  western  Pacific  to 
study  tropical  synoptic  wave 
disturbances  during  summer.  The 
succasslva  12 -hour  meridional  winds 
ware  used  as  different  data  fields. 
Tha  result  shows  that  tha  method  is 
stable  with  respect  to  saaqpling 
changes  whan  tha  data  contain 
significant  signals  of  physical 
phenomenon,  and  not  stable  whan  the 
data  are  random.  The  study  also 
confirmed  tha  use  of  tha  largest 
residual  correlation  (LRC) ,  or  the 
largest  cross -component  correlation, 
as  a  preliminary  significance  tast 
for  the  technique. 

To  understand  tha  East  Aslan  summer 
monsoon  Mei-yu  system,  tha  three 
dimensional  flow  of  a  stratified 
barotropic  flow  over  Isolated 
topography  was  first  studied.  When 
tha  Prouda  nuaiber  was  small  it  was 
found  that  the  Coriolis  force  could 
not  be  ignored  for  flow  over  sziall 
scale  aiountains.  For  larger  scale 


mountains  a  lee  side  through  was 
found  which  could  be  either 
stationary  or  transient.  Under 
certain  conditions  a  train  of  troughs 
wore  generated.  The  Influence  of 
topography  on  fronts  was  studied  in  a 
channel  which  contained  an  unstable 
baroclinic  flow.  First  a  cyclone  was 
allowed  to  grow  and  intense  cold  and 
warm  fronts  were  formed.  Then  the 
frontal  system  was  introduced  into  a 
new  doamin  which  contained  a 
mountain.  The  influence  of  the 
mountain  on  the  cold  front  was 
deteraiined  for  five  a»untalns  idilch 
had  various  sizes,  shapes  and 
orientations . 

PUBLICATIOHS:  Chang,  C.-P.,  Teh, 
T.C.,  and  Chen,  J.M.,  "Effects  of 
Terrain  on  the  Surface  Structure  of 
Typhoons  over  Taiwan, "  Monthly 
Weather  Review,  Vol.  121,  No.,  pp. 
734-752,  March  1993. 

Chang,  C.-P.  and  Zambresky,  L., 
"Observed  and  Navy  Operational  Global 
Model  Climatologies  of  Synoptic 
Disturbances  over  the  Tropical 
Western  Pacific  during  Winter 
1991-92,”  NPS  Technical  Report 
MR-93-003,  1993. 

Chen,  J.M.  and  Chang,  C.-P., 
"Multiple -set  Canonical  Correlation 
Analysis  of  Winter  Monsoon  Cold 
Surges  over  the  South  China  Sea,  ” 
East  Asia  and  Western  Pacific 
Meteorology  and  Climate  II.  World 
Scientific,  pp.  337-342,  1993. 

Peng,  M.S.,  Li,  S.W.,  Chang  S.N.,  and 
Williams.  R.T.,  "Flows  over 
Mountains:  Coriolis  Force,  Transient 
Trough  and  Three  Dimensionality, " 
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Mmmt _ A«i»  and  rnmmtmxn  Pacific 

Wforology  and  tt-  World 

Sclontiflc,  pp.  73-82,  1993. 


COnraUMCB  PSISBRATIOMS:  Chang, 

C.-P.,  "A  Propoaad  Fiald  Exporlmant 
to  Study  tha  Bast  Aslan  Suamar 
Monsoon  Onsat  ovar  tha  South  China 
Saa,  ”  Intamatlonal  Confaranca  on 
Waathar  Analysis  and  Poraeaatlng  ovar 
tha  Wastam  Pacific,  Pacific  Sclanca 
Association,  Talpal,  Taiwan,  Pabruary 
1993. 

Chang,  C.-P.,  Chan,  J.N.,  Harr,  P.A., 
and  Carr,  L.B.,  " Synoptic -Scala 

Propagating  Wave  Pattams  and  Typhoon 
Parlodlclty  In  tha  Tropical  Wastam 
Pacific  during  stupsiar  1989-1991,*  5th 
n.S.  -  P.R.C.  Monsoon  Workshop, 
Hanshou,  China,  Juna  1993. 

Li,  S.-W.,  Pang,  M.S.,  and  Williama, 
R.T.,  *Thraa-dljnanslonal  Studiaa  of 
tha  Bffacts  of  Topography  on  tha 
Fronts,"  Sixth  Confaranca  on 

Mountain  Mataorology,  Portland,  OR, 
29  Saptoinbar-2  Octobar  1992. 

IHMSMS  OIRMCTBD:  Yah,  T.C.  "Bffacts 
of  Taiwan  Orography  on  tha  Motion  and 
Structura  of  Taiwan, *  Ph.D. 
Dissartation,  Dacambar  1992 . 


Li,  S.W.,  "A  Thraa-Piwanslonal  Study 
of  tha  Znfluanca  of  Mountains  on  a 
Front,"  Ph.D.  Dissartation,  Dacaabar 

1992. 

Swatt,  William  C.  "Spactral  Analysis 
of  Synoptic  Tima  Scala  Disturbancas 
ovar  tha  Tropical  Bastam  Pacific 
during  Suamwr  1989,  1990  and  1991," 
Master's  Thasls,  March  1993. 

OTBBRt  Chan,  J.M. ,  Chang,  C.-P.,  and 
Harr,  P.A.,  "A  Tachnlqua  for 
Analysing  Optimal  Ralatlonahips  among 
Multiple  Sets  of  Data  Fields.  Part  I: 
Tha  Method,  *  Monthly  Waathar  Raviaw. 
accepted  for  publication,  Dacambar 

1993. 

Pang,  M.S.,  Li,  S.W.,  Chang,  S.W., 
and  Williams,  R.T.,  "Flow  Ovar 
Mountains:  Coriolis  Force,  Transient 
Troughs  and  Thraa  Dimensionality” 
subBd.ttad  to  Quarterly  Journal  Roval 
Mataoroloaical  Society.  1993. 

DOO  BBT  TBCHHOLOOr  ARKAt  Bnviron- 
siantal  Bffacts. 

XXYWORDS:  Tropical  Meteorology 
Monsoon,  Topographic  Bffacts, 
Typhoon . 
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POMimATTQii  Mm  mTgTgxTTCdf  09  X  mTMi  AEKOSOL  ipnn»f.« 

K.L.  David0on«  Professor 
Dopartasat  of  Mataorology 

Sponsor:  Naval  Connand  Control  and  Ocean  Survaillanca  Canter, 

BDT6B  Division  (NRaD) ,  Coda  54 
Funding:  Cost  Share,  HKaD  and  MPS 


QBJBCriVS:  Objactivaa  o£  continuing 
data  obaarvational  and  analyaaa/ 
Intarpratatlon  afforts  ara  to  1) 
avaluata  axlating  coiig>utar  baaad 
aodala  (MAM  and  HOVAM)  for  aaroaol 
axtlnctlon  profilaa,  2)  fonmilata 
approachas  for  obtaining  axtlnctlon 
froB  operational  aatallita-boma 
sanaor  data:  l.a.  MOAA  AVHRR,  and  3) 
charactarlsa  turbulent  transport 
Influences  on  near- surface  aerosol 
distributions  and  profiles. 

SOMOURT:  Perfonsad  several 
collaborative  maasuresiants  and 
analyses  tasks  designed  to  relate 
aerosol  profiles  within  the  marina 
boundary  layer  to  routinely  measured 
or  predicted  meteorological 
paraiootors.  The  atmospheric  region 
extends  from  the  surface  up  to  the 
capping  Inversion.  MOVAM  evaluations 
were  performed  on  the  basis  of 
existing  data  from  Fire -87  and  the 
July-August  1992  AGA/FLIR 
experiments.  Accomplished  the  review 
of  Keys -90  report  for  final 
publication.  Surface  layer  aerosol 
data  wore  collected  off  the  US  west 


coast  during  October  1992  and  August 
1993  In  conjunction  with  regional 
Btaasuremants  of  suurlne  boundary  layer 
refractive  properties.  Prepared  and 
tested  fliuc-buoy  for  use  In  MAPTIP 
experiment  for  which  coordination  was 
cospletad  with  regard  to  moorings  and 
data  trans8d.sslon. 

PUBXtICATZai:  Oathman,  S.G.  Jensen, 
D.R.,  Hooper,  N.P.,  James,  J.I., 
Gerber,  H.B.,  Davidson,  K.L.,  Ssdth, 
M.H.,  Constordlna,  I.B.,  de  Leouw, 
G.,  Kuns,  G.J.,  and  Moorman,  M.M., 
"MOVAM  Bvaluation  Utilising  Blectro 
Optics  and  Meteorological  Data  from 
KBY-90,*  MRaD  Technical  Report 
TR-1608,  1993. 

OTHER:  Gathsum,  S.G.  and  Davidson, 
K.L.,  "The  Mavy  Oceanic  Vortical 
Aerosol  Model , ”  MRaD  Technical 
Report ,  In  press . 

DOD  XBT  TBCHMDLOOr  ABBA:  Environ¬ 
mental  Effects. 

KBYMORDS:  Aerosol,  Optical 
Extinction,  Boundary  Layer. 
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AMM.YSIS  OF  REQIOMM.  yoBPTMO 

K.L.  Davidson,  Pro£assor 
P.S.  Guest,  Iteteorologlst,  Co-PZ 
P .  Frederlckson,  Meteorologist 
Department  of  Meteorology 
Sponsor:  Naval  Research  Laboratory,  Monterey 
Funding:  Cost  Share:  Naval  Research  Laboratory,  Monterey 


OBJSCnvS:  Th«  general  objective*  of 
this  study  were  (1)  to  understand  the 
forcing  mechanisiBS  responsible  for 
regional  lead  characteristic*/  and 
(2)  to  understand  the  affects  of 
leads  on  regional  meteorology  in  the 
Arctic. 

SOOIAST:  Several  research  papers 
related  to  this  research  program  were 
submitted  for  publication  during  FY 
1993.  The  results  for  these  papers 
ware  based  on  data  obtained  during 
the  Arctic  Leads  Experiment  (LKADBX) 
in  1991-1992/  other  Arctic  field 
programs,  and  modeling  effort*.  The 
results  show  the  iaqportance  of 
diurnal  solar  radiation  variations 
not  only  on  surface  tenqperatura ,  but 
on  momontxim  transfer  (and  hence  lead 
formation)  as  well.  Changes  in  cloud 
cover  had  a  greater  effect  on  surface 
temperature  than  typical  variations 
in  lead  coverage.  A  study  of  the 
relation  between  ice  motion  and  wind 
forcing  showed  that  strong  shear 
avents,  which  are  associated  with 
lead  formation,  can  be  caused  by 
non-local  forcing.  For  exanple,  in 
one  case,  a  small  cyclone  passed  near 
but  not  over  our  measurement  array. 
The  internal  ice  stress  generated  by 
this  storm  was  transmitted  internally 
within  the  ice  for  at  least  200  km, 
causing  lead  formation  despite  light 
and  generally  spatially  homogeneous 
winds  within  the  actual  measurement 
array . 


PDBLZCATIOHSi  Davidson,  K.L.,  Guest. 
P.S.  and  Glandening,  J.W., 
"Determining  Realistic  Wind  Stress 
Forcing  Fields  for  Marine  Arctic 
Regions,"  in  Proceedings  of  the 
Third  Conference  on  Polar  Meteorology 
and  Oceanography,  Portland,  OR,  29 
September  -  2  October  1992. 

Frederlckson,  P.A. .,  Davidson,  K.L., 
and  Guest.  P.S.,  "The  Stratification 
of  the  Atmospheric  Boundary  Layer  in 
the  Arctic  Marginal  Ice  Zone," 
Preprints  of  the  Third  Conference  on 
Polar  Meteorology  and  Oceanography, 
Portland,  Oregon,  29  September  -  2 
October  1992. 

Guest,  P.S.  and  Davidson,  K.L.,  "The 
Teaperature  and  Energy  Balance  at  the 
Narine  Ice -Atmosphere  Interface 
during  the  Polar  Winter, "  in 
Proceedings  of  the  lAMAP-IAHS 
conference  in  Yokohama  Japan,  July 
1993. 

Guest,  P.S.  and  Davidson,  K.L., 
"Factors  Affecting  Variations  of  Snow 
Surface  Temperature  and  Air 
Tenparatura  Over  Sea  Ice, "  in 
Proceedings  of  the  Nansen  Centennial 
Symposium  on  the  Role  of  the  Polar 
Oceans  in  Shaping  the  Global 
Environment,  Solstrand-Bergen, 
Norway,  21-25  June  1993. 

Guest,  P.S.,  and  Davidson,  K.L.,  "A 
Study  of  the  Factors  controlling  the 
Value  of  the  Near-Surface  Air 
Tenperature  over  Sea  Ice,"  Preprints 
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of  th*  Third  Conference  on  Polar 
Meteorology  and  Oceanography, 
Portland,  OR,  29  September  -  2 
October  1992.  (available  from  the 
American  Meteorological  Society, 
Boston  MA,  p.  54. 

Overland,  J.B..,  Walters,  B.A.,  and 
Davidson,  K.L.,  "Sea  Ice  Deformation 
in  the  Beaufort  Sea, ”  In  Proceedings 
of  the  Third  Conference  on  Polar 
Meteorology  and  Oceanography, 
Portland,  OR,  29  September  -  2 
October  1992. 

Persson,  P.O.G.,  Ruffleiix,  D.,  and 
Davidson,  K.L.,  "Characteristics  of 
the  Lower  Troposphere  during  LBADBX 
92,"  in  Proceedings  of  the  Third 
Conference  on  Polar  Meteorology  and 
Oceanography,  Portland,  OR,  29 
September  -  2  October  1992. 

Rutherford,  S.J.,  Davidson,  K.L.,  and 
Johaimessen,  O.M.,  "Arctic  Cyclones 
and  Marginal  Ice  Zone  Variability," 
In  Proceedings  of  the  AGU  1993  Fall 
Meeting,  Program  and  Abstracts,  6-10 
December  1993.  (A  supplement  to  BOS. 
26  October,  p.  335) . 

THBSBS  DIRBCTBD:  Rutherford,  S.J., 
LT,  USN,  "Arctic  Cyclones  and 
Marginal  Ice  Zone  (MIZ)  Variability," 
Master's  Thesis,  March  1993. 

Wos,  K.A.,  LCDR,  USN,  "A  Climatology 
of  Polar  Low  Occurrences  in  the 
Nordic  Seas  and  an  Examination  of 
Katabatic  Winds  as  a  Triggering 
Mechanism,"  Master's  Thesis,  December 
1992. 


OTHBR:  Guest,  P.S.,  Davidson,  K. 
L.,  Overland,  J.B.,  ..nd  Frederlckson, 
P.A. ,  "Atmosphere-Ocean  Interactions 
In  the  Marginal  Ice  Zones  of  the 
Nordic  Seas,"  an  invited  paper 
accepted  by  Arctic  Oceanography; 
Marginal  Ice  Zones  and  Continental 
Shelves.  Walker  Smith  and  Jackie 
Grebmeler,  eds. 

Guest,  P.S.,  Glendening,  J.W. ,  and 
Davidson,  K.L.,  "An  Observational  and 
Numerical  Study  of  Wind  Stress 
variations  within  Marginal  Ice 
Zones,"  accepted  by  Journal  of 
Geophysical  Research. 

Guest,  P.S.  and  Davidson,  K.L.,  "The 
Tenqperature  and  Energy  Balance  at  the 
Marine  Ice -Atmosphere  Interface 
during  the  Polar  Winter, "  subsdtted 
for  Proceedings  of  the  lAMAP-IAHS 
conference  in  Yokohama  Japan,  July 
1993. 

Guest,  P.S.  tmd  Davidson,  K.L., 
"Factors  Affecting  Variations  of  Snow 
Surface  Temperature  and  Air 
Temperature  over  Sea  Ice,”  accepted 
by  the  Nansen  Centennial  Symposium 
Volume  on  the  Role  of  the  Polar 
Oceans  in  Shaping  the  Global 
Environment . 

DOD  KEY  TBCHMOLOGY  AREA: 
Environmental  Effects. 

KEYWORDS:  Arctic,  Leads,  Atmospheric 
Forcing. 
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WIHD/lIgTTOROLOqiCAL  MiALYSKS  (MORCSKC  >91) 

K . L .  Davidson,  Professor 
P.A.  Frederickson,  Physical  Scientist 
DepartsMnt  of  Meteorology 

Sponsor:  Naval  Research  Laboratory- S tennis  Space  Center, 

(Code  321) 

Funding:  Cost  Share:  NRL-SSC  and  NPS 


OBJSCTIVS:  Goal  la  to  obtain 
Infonnatlon  on  BRS-1  datactad 
propartlaa  of  ocaan  aurfaca  and 
alr-aaa  In  tar  act  Ion;  accoiiq;>llahad  by 
analyaaa/lntarpratatlona  on  In  altu 
and  raglonal  aataorologlcal  data 
eorraapondlng  to  tha  Norwaglan 
Contlnantal  Shalf  BXparlmant  during 
Movaaibar  1991  (NORCSKX  '91)  off  tha 
waat  Coaat  of  Morway. 

snSMRSTt  Tha  Norwaglan  Contlnantal 
Shalf  Bxparlaiant  of  1991  (N0RCSBX'91) 
waa  eonductad  off  tha  waat  coaat  of 
Morway  cantarad  on  Haltanbankan 
<64°30'N,  9°B)  In  Novambar  1991  by 
collaborating  aclantlata  from  Morway, 
USA,  tha  UK,  and  Franca.  NPS 
parfonaad  contlnuoua  maaauramanta  of 
tha  atmoapharlc  aurfaca  layar  and 
ragular  apacad  maaauramanta  of  tha 
boundary  layar  prof 11a.  Thla  waa 
parformad  In  collaboration  with 
coa^laaiantary  ahlpboard  and  aatalllta 
rat^laval  atudlaa  by  tha  Manaan 
Bnvlronmantal  and  Raniota  Sanalng 
Cantar  (NBRSC)  and  tha  Bnvlronmantal 
Raaaarch  Inatltuta  of  Michigan 
(BRIM) .  Analyaaa  wara  daalgnad  to 
daaionatrata  and  valldata  BRS-1 
capabllltlaa  of  datactlng:  aurfaca 
currant  frontal  boundarlaa  Including 
addlaa,  naar  aurfaca  maaoacala  wind 
flald  varlatlona,  and  aaa  atata 
condltlona.  Acconqpllahmanta  through 
1993,  In  addition  to  collactlng  tha 
data  wara  to  raduca,  adit,  aummarlza 
and  raport  collactad  In  altu  and 
raglonal  analyzad  mataorologlcal 
data.  Purthar,  vactor  wlnda  wara 


ralatad  to  BRS-1  and  ahlpboard 
obtalnad  C-band  radar  backacattar. 

PUBLlCATIOeSt  Onatott,  R.G.  and 
Davldaon,  K.Zi.,  "Coaatal  Ocaan 
Studlaa  ualng  Shlpbaaad  SeattarciMtar 
during  N0RCSBX'91,”  In  Procaadlnga  of 
tha  iaARSS'93,  Toyko  Japan,  18-21 
Auguat  1993 . 

Shuchman,  R.A.,  Johannaaaan,  J.A., 
Rufanach,  C.,  Davldaon,  K.L.,  and 
Wackarman,  C.,  "Datarmlnatlon  of  Wind 
Spaad,  Wind  Dlractlon  and  Atmoapharlc 
Structure  ualng  BRS-1  SAR  Data  during 
M0RCSBX'91,"  In  Procaadlnga  of  tha 
IGARSS'93,  To):yo,  Japan,  18-21  August 
1993. 

COWFBRBMCB  PRBSBNTATZOMB t  Davldaon, 
K.L.,  Onatott,  R.O.,  and  Roaa,  D., 
"Coa^arlaon  of  Surface  wind  Straaa 
and  Radar  Backacattar  variations  with 
Bulk  Wava-paraawtar  Formulation 
Predictions,”  Invited  paper, 
lAMAP-IAPSO  Yokohama,  Japan,  13-23 
July  1993. 

Davidson,  K.L.,  Johaxmassan,  J.A., 
and  Shuchman,  R.A.,  "Analysis  and 
Interpretation  of  BRS-1  SAR  datactad 
Wind  Rows  Ralatlva  to  Obaarvad 
Alr-Saa  Interaction  Procaasas," 
lAMAP-IAPSO,  Yokohama,  Japan,  13-23 
July  1993. 

OTHBR:  The  following  multi -authored 
papers  that  describe  observed  surface 
wind  strass  and  radar  backacattar 
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ralationships  ar«  publiahad  or  under 
review. 

Davidson,  K.L.,  Johannessen,  J.A., 
Shuchman,  R.A.,  and  Brown,  R.A., 
"Analysis  and  Interpretation  of  BRS-1 
SAR  detected  Wind  Rows  Relative  to 
Observed  Air-Sea  Interaction 
Processes,*  in  Proceedings  of  Oceans 
'93,  Victoria,  British  Columbia, 
Canada,  18-21  October  1993,  IIX-19  to 
III-24. 

Davidson,  K.L.,  Prederickson,  P.A., 
and  Onstott,  R.G.,  "Shipboard  Studies 
of  L-,  C-,  AND  X-Band  Backscatter 
and  Surface  Wind  Forcing  during 
NORCSBX  '91,*  in  Proceedings  of  the 
Oceans  '93,  Victoria,  British 
Coliimbia,  Canada,  Z-13  to  1-19, 
18-21  October  1993. 

Welssaan,  D.E.,  Davidson,  K.L., 
Brown,  R.A.,  Friehe,  C.A.,  and  Li, 
F.,  "The  Relationships  Between  the 
Microwave  radar  Cross  Section  and 
both  the  Wind  Speed  and  Stress  - 
Model  Function  Model  Development 
Using  FASINEX  Data, "  Journal  of 
Geophysical  Research,  in  press. 


Davidson,  K.L.,  Onstott,  R.Q., 
Johannessen,  J.A.,  Ross,  D., 
Shuchman,  R.A.,  Skagsath,  O.,  and 
Skupnlewicz,  C.B.,  "Relationships 

Between  Wind  Stress  and  Radar  Scatter 
and  the  Directional  Wave  Spectrum 
(NORCSBX' 88) , *  submitted  to  The 
Atmosphere -Oc»»" 

Frederickson,  P.A.,  Davidson,  K.L., 
Bdson,  J.,  and  Taylor,  P., 
"Comparisons  of  Ship  and  Tower 

Inert  ation  Estimates  of  the 

Surfac  Stress,"  substlttad  to 

Journal  of  Atmosph>^<<^ 

Technology. 

DOD  KEY  TBCHMOXiOGT  ARIA: 

Environmental  Effects. 

XBX1IORDS:  BRS-1,  Wind  Stress, 

Scatterometar ,  NORCSBX' 91 . 


329 


K.L.  Davldaon,  Professor 
C.H.  Wash,  Professor 
F.K.  Jones,  Physical  Scientist 
R.J.  Lind,  Meteorologist 
Department  of  Meteorology 

Sponsor  and  Funding:  Naval  Research  Laboratory-Monterey  Division 


OBJSCTIVS:  Objactlvas  ara  to  1) 
avaluata  tha  influanca  on  tha  ship 
prasanca  on  avaporatlon  duct  haight 
astlmatas  from  bulk  maaauramanta ,  2) 
astabllsh/parform  raconflguratlon 
raquiramants  for  SSAHS,  and  3) 
parform  rafractlva  condition  outlook 
for  SHAREM  102. 

SUMMART:  NRL  paraonnal  and  equipmant 
participatad  in  an  e:q>erlmant 
daalgnad  to  datarmlna  surfaca  target 
detection  tactics  is  to  evaluate 
shipboard  measurement  that  would 
yield  information  of  influencing 
refractive  conditions.  The 
experiment  was  in  tha  Gulf  of  Oman 
and  during  tha  period  from  3-12 
January  1993.  NPS  evaluated  data 
obtained  from  ship  (R/V  Point  SDR) 
mounted  surface  layer  meteorological 
sensor  suite  and  radiosonde  launches 
to  establish  approaches  for 
configuration  of  measurements  from 


SHAREM  102  ship.  A  review  was 
conducted  of  an  existing  portable 
instrumentation  suite  and  acquisition 
system  and  developed  deployment 
procedures  relative  to  its 
suitability  and  adaptability  for 
SHAREM  102.  MPS 

provided  advice  and  consultation  on 
what  refractive  conditions  to  e^^ect 
in  the  zone  of  interest  during  the 
January  period. 

THESIS  DIRECTED:  Cralgle,  Kyle  M. , 
LCDR,  USN,  "Assessment  of  Atmospheric 
Influence  on  Surveillance  Radar 
Performance  in  Littoral  Zones," 
Master's  Thesis,  September  1993. 

DOD  KEY  TECBMOLOOT  AREA: 
Environmental  Effects,  Sensors. 

KEYWORDS :  SHAREM  102,  Evaporation 
Duct,  Coastal,  EM  Have  Refraction. 
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liBTlOROLOQICAL  SKIf«OB8  FOB  SHABWI  102 
K.L.  Davidson.  Professor 
C.H.  Wash,  Professor 
R.J.  Lind,  Meteorologist 
F.K.  Jones,  Physical  Scientist 
Departaent  of  Meteorology 

Sponsor  and  Funding:  Naval  Research  Laboratory-Monterey  Division 


aBJBCTXVKSt  Objttctivaa  in  supporting 
SHMUM  102  (August  1993)  ars  to  1) 
Sstablish/porform  configuration 
raquiraiiisnts  for  SSAWS,  and  2) 
Provide  advice  and  direction  on 
installation  of  aquipsients  on  the  TTSM 
ship,  nSS  Blliot. 

nnsinilT:  The  tasks  coaqpleted  were  to 
perfom  design  and  consultation  on 
acquisition  and  display  of 
ataiospherlc  inforatation  as  well  as 
special  analyses  interpretation  on 
shipboard  data  collected  during 
SRARXM  102.  Sharem  102  will  occurred 
in  August  1993  in  the  Oulf  of  Oman. 


Instrumentation  design  and 
acquisition  was  for  a  west  coast  USH 
ship  that  will  left  for  the  upper 
Arabian  Sea  in  early  July  1993.  BPS 
personnel  assisted  with  installation 
at  Portland.  All  efforts  were 
perfonned  in  collaboration  with  URL 
persons  onboard  the  ship  during 
SHARKM  102. 

DOD  KKT  TBCHBOLOOT  ARBAi 
BtnvlronsMntal  Effects,  Sensors. 

XR1IORDS  t  Atmospheric  Boundary 

Layer,  Satellite  Sensing,  Bvaporatlon 
Duct. 


METgOROI.OGICAL  STUDIES  IN  SHARKM  102 
K.L.  Davidson,  Professor 
C.H.  Wash,  Professor 
R.J.  Lind,  Meteorologist 
Departawnt  of  Meteorology 

Sponsor  and  Funding:  Naval  Research  Laboratory-Monterey  Division 


OBJBCnVB:  Objectives  are  to  design 
and  consult  on  shipboard  acquisition/ 
display  of  atmospheric  information 
and  to  perform  special  analyses/ 
Interpretation  on  shipboard  data 
collected  during  SHARBN  102 . 

STIUFTt  An  extension  to  work 
described  and  carried  out  in  NRL 
supported  effort  titled, 
"Meteorological  Sensors  for  Sharem 


102".  InstruBMntation  design  and 
acquisition  were  accoaq>llshad  for  a 
west  coast  USN  ship  that  left  for  the 
upper  Arabian  Sea  in  July. 

DOD  KBT  TBCHMOLOOT  ABBA: 
Bnvironmancal  Effects,  Sensors. 

BBTHORDS:  Atmospheric  Boundary 
Layer,  Satellite  Sensing,  Bvaporatlon 
Duct. 
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REFRACTIVB  DKSCRIPTIOiiS  THROUGH 


K.L.  Davidson,  Professor 
DepartsMnt  of  Meteorology 

Sponsor:  Space  and  Naval  Warfare  CoMand  (SPAXMt)  PMW  165D 

Funding:  SPANAK  PMW  165 


OBJSCTIVB:  The  objective  is  to 
perform  special  analyses  AMD 
interpretations  and  to  provide  advice 
and  consultation  on  shipboard 
assessment  of  near-surface 
radar/radio  refractive  conditions. 

SUMKART:  Refractive  layer 
assessments  with  existing  and  planned 
shipboard  measurement  approaches  for 
atmospheric  surface  layer  and  ocean 
surface  properties  were  examined  on 
the  basis  of  flux-profile  scaling 
models  for  the  non-neutral 
atmospheric  surface  layers.  In  situ 
measured  data  for  assessments  have 
been  identified.  Scaling  models 
applied  to  the  near-surface  region 
were  based  on  one -level  airflow, 
tesqperature  and  moisture  and  surface 
teoperature  mean  (bulk)  data  with  or 
without  one-level  turbulence  data. 
Turbulence  data  will  be  x«>lated  to 


the  fluxes  using  the  inertial - 
dissipation  siethod.  Data  considered 
were  obtained  from  the  R/V  Point  Sur 
in  two  rsrsi  experiments  off  the  west 
coast.  One  experiment,  in  the 
vicinity  of  Nbnterey  Bay  during 
October  1992,  Includes  ship  and  buoy 
data.  A  second  e:perlBMnt  occurred 
in  the  California  bight  in  August 
1993  in  conjunction  with  the  VOCAR 
intensive  collection  period.  JBD/APL 
personnel  and  equipment  were  onboard 
the  research  vassal  and  the  resulting 
data  will  be  compared  with  HPS 
obtained  data. 

DOD  KBT  TBCHRrOZ.OOT  ARBAt 
Environmental  Effects,  Sensors. 

KXZlfORDBt  Radar  Refraction, 
Evaporation  Duct,  Marino  Atmosphere 
Boundary  Layer. 
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COASTJJ.  MGIOW  RKFRACTTVK 

K.L.  Davidson#  Professor 


C.H.  Nash,  Professor 
Departsksnt  of  Meteorology 

Sponsor:  Naval  Connand  Control  and  Ocean  Surveillance  Center, 

SDT6B  Division  (NRaD) ,  Code  54 
Funding:  Cost  share  NRaD  and  NPS 


OBJSCTIVS:  Th«  gomls  of  this  project 
era  1)  to  obtain  In  aitu  ship/buoy 
maaauraaants  to  charactariia  tha 
humidity  profile  in  tha  air  layer 
adjacent  to  the  aaa,  2)  to  axeadne 
tha  value  of  different  aensora 
(AVSDRR,  SSM/I)  aatellite  information 
to  deacribe  evaporation  duct 
variability,  and  3)  to  evaluate  the 
Ground-Baaed  Hlgh-Reaolutlon 
InterferoflMter  Sounder  (0B-HI8)  aa  a 
refractive  profile  monitoring  device. 
Thla  la  the  firat  year  of  a 
continuing  callbratlon/valldatlon 
effort  on  aaaeaament  of  refractive 
condition. 

SUSSBRT:  Several  procedurea  were 
carried  out  to  evaluate  and  apply 
approachea  for  eatimatlng  overwater, 
and  coaatal  refractive  conditlona. 
In  aitu  and  remote  meaaurementa  were 
uaed  along  with  different  analyaea 
approachea.  Data  collection  occurred 
in  vicinity  of  Konterey  Bay  during 
October  1992  and  in  the  California 
bight  during  Auguat  1993  to 
characterize  refractive  conditlona 
and  evaluate  eatimatlon  procedurea 
on  baaia  of  fuaed  ahip/buoy/aatellite 
data  aeta .  Bulk  veraua  turbulent 
approachea  for  evaporation  duct 
eatiamtion  wore  exaailned.  Bxlatlng 
aatelllte-aenaor  retrievala  were 
applied  to  eatimatlon  of  noar- 


aurface  dryneaa  for  paat  MBS  crulae 
perioda  that  wore  cloud- free.  Ship 
and  buoy  ayatema.  Tlme-aeriea  of 
marine  boundary  layer  obtained  OB -HIS 
and  radioaonde  prof  ilea  were  compared 
and  atatiatical  paraamtera  of  paired 
data  aeta  were  calculated  with  regard 
to  RMS  dlfferencaa,  biaa,  and  the 
e;>q>lained  variance. 

TBB8B8  DIRaenD:  Rugg,  Steve,  CART, 
USAR, *  An  Inveatigatlon  of  the 
Ground-Baaed  High-Reaolution  Inter¬ 
ferometer  Sounder  «n-HIS)  in  a 
Coaatal  Marine  Rnvironmant,  ■  Maater'a 
Theaia,  December  1992. 

Cralgie,  Ryle  M. ,  LCDR,  DSM, 
"Aaaeaament  of  Atmoapherlc  Influence 
on  Surveillance  Radar  Performance  in 
Littoral  Zonea,"  Maator'a  Theaia, 
September  1993. 

OIBBR:  Two  theaea  are  in  progreaa 
with  VOCAR  data  aet;  Ledeama,  Roy, 
LT,  DSN,  Dec  1993  and  Walah,  David, 
LT,  DSN,  Juno  1994. 

DOD  KMT  TRCHMOLOOT  ARBA: 
Bnvironziental  Bffecta,  Senaora. 

KRZNORDS :  Ata»apheric  Boundary 
Layer,  Bvaporatlon  Duct,  Coaatal,  RM 
Wave  Refraction. 
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P.  A.  Durkee«  Associate  Professor 
Department  of  Meteorology 
Sponsor  and  Funding:  National  Aeronautics  and 
Space  Administration 


OBJBCTIVKt  Th«  objactlvaa  during 
phasa  B  of  SAGB  III  davalopaant  wara 
to  axaalna  global  aaroaol 
dlatribution  obsarvationa  from  NOAA 
AVHRR  and  SAGB  I  and  IZ  maaauraaanta 
and  Idantlfy  ragiona  of  potantlally 
high  aaroaol -cllaiato  impact.  Primary 
aa^haaia  waa  on  tha  uppar 
tropoapharic  obaarvationa  availabla 
from  SAGB  Z  and  ZZ .  A  aacond 
objactiva  waa  to  axamina  caaa  atudiaa 
of  AVHRR-SAGB  ZZ  conqpariaona .  AVHRR 
aaroaol  optical  dapth  waa  con^arad  to 
profilaa  of  axtinction  from  SAGB  ZZ. 
Zaauaa  auch  aa  uppar  tropoapharic 
cloud  contaaiination  wara  alao 
conaidarad.  Tha  goal  of  thia  «rark 
waa  to  ahow  tha  uaafulnaaa  of 
analyaaa  incorporating  SAGB  ZZZ 
obaarvationa  with  nadir  viawa  from 
high  apactral  and  apatial  raaolution 
radiomatara  on  BOS  auch  aa  MODZS. 

STBHIBWT;  Global  aummariaa  of  aaroaol 
optical  dapth  hava  baan  praparad  for 
April  1982-84  uaing  NOAA-7  AVHRR. 
Paaturaa  auch  aa  Saharan  duat, 
continantal  plumaa  of  anthropogenic 
pollution,  and  advacted  amoka  from 
biomaaa  burning  wara  datactad.  Alao 
apparent  in  thaae  analyaaa  waa  a 
diatinct  differanca  between  optical 
dapth  in  the  northern  and  aoutharn 
haaiiapharaa .  Thaaa  raaulta  are 
conaiatant  with  SAGB  Z  tropoapharic 
raaulta  reported  by 
Kant  at  al.  (1988)  and  SAGB  ZZ 
raaulta  diatributad  by  Kant  to  tha 
SAGB  ZZZ  Science  Team  (unpiibliahad)  . 
From  thaaa  raaulta  it  appaara  that 
much  of  the  hamiapharic  diffarancaa 
obaarvad  in  tha  total  aaroaol  optical 


dapth  from  AVHRR  maaauraaanta  ara  due 
to  upper  tropoapharic  aaroaola 
advactad  from  continantal  aoureaa 
(anthropogenic  and  tarraatrial) . 
Compariaona  between  SAGB  ZZ 
axtinction  profiles  and  AVHRR  optical 
dapth  ara  in  progreaa.  Casas  ara 
being  identified  from  April  (peak  in 
Asian  dust  transport  across  tha 
Pacific)  and  July  (Saharan  dust 
cases)  1985.  Tha  phase  C/O  efforts 
will  include  continued  comparison  of 
AVHRR  and  SAGB  ZZ  cases. 
will  ba  placed  on  sources  responsible 
for  long  range  aerosol  transport  at 
mid -tropospheric  levels.  Saharan  and 
Gobi  Desert  dust  events,  pollution 
episodes  in  eastern  Asia  and 
northeastern  US,  and  smoke  from 
agricultural  and  natural  burning  will 
all  ba  axasd-nad.  To  tha  extant  that 
tropospheric  aerosols  ara  included  in 
tha  SAGB  ZZZ  studies,  this  effort 
will  invastigata  relationships 
ba tween  various  aerosol  optical  dapth 
regimes  and  cloud  raflactanca 
characteristics.  These  studies  will 
include  examination  of  multispactral 
radiative  signatures  of  aerosol 
features  and  tha  impact  of  MODZS 
astimatas  of  aerosol  characteristics. 
Also  in  phase  C/D,  support  of  field 
measurement  programs  planned  under 
tha  SAGB  ZZZ  effort  will  ba  provided 
using  satellite -based  SMasuraments 
and  analyses  of  spectral  optical 
dapth  and  aerosol  transport.  These 
observations  will  bo  applicable  to 
real  time  aircraft  operations  and 
post-axparlmant  analysis. 


WnMtilClTIOWx  DurkM,  P.A.,  r£«ll, 
F.,  Froat,  I.,  and  Shaaa,  R.  "Global 
Analysis  of  Aarosol  Fartlela 
Charaetarlstles  and  Zapllcations  for 
If  facts  on  ClisMta,"  Atatospharlc 
lTI”iT?TTI— Vol.  25A,  pp.  2457 <2465, 
1993.  (Also  supported  by  other 
projects) . 

DOD  KIT  TICBKOLOOT  AIIAt 
Invironnsn tal  If facts. 

UHOUMs  Satallita  Raaota  Sensing, 
Aerosols. 
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OF  mm  AmoaoM 
P.  A.  Durk«««  Assoclat*  Profasaor 
Dapartaant  of  Mataorology 
Sponaor  and  Funding  t  Offica  of  Naval  Rasaareh 


OBiiaCTXVIi  Satalllta  obaarvationa  of 
ataoapharle  aaroaol  partlclaa  will  ba 
uaad  to  atudy  tha  tranaitlon  of 
partlela  dlatrlbutiona  in  aupport  of 
tha  OMR  Inltlatlva  on  Tranaforutlon 
Dynaadea  of  Marina  Aaroaola  (TDMA)  . 
Studlaa  will  foeua  on  paraaatar- 
isation  tachniquaa  for  Mavy  aaroaol 
nodala  and  atudiaa  of  aaroaol 
dlatrlbutiona  during  A8TXX  (Atlantic 
Stratoeumulua  Transition  Rnpariaant) . 

SaaOkRTt  Funding  for  this  pro j act 
bagan  in  April  1992.  Tha  highlights 
of  accoaq^liahaMnta  ara  thraafold. 
First,  participation  in  ASTSZ  d\u:ing 
Juna  1992  in  tha  Asoraa  Islands 
providad  axcallant  validation  data 
for  aaroaol  ratrlavals  and  casa 
studlaa  of  aaroaol  transitions. 
Satallita  support  of  tha  aircraft- 
basad  aaroaol  transitions  studlaa  was 
bagun.  Sacond,  N.  Rouault  coa^latad 
a  thaoratlcal  study  of  aaroaol 
ratriaval  using  HOVAM  (Mavy  Ocaanic 
Vartlcal  Aaroaol  Nodal)  and  a  coaqplax 
radiatlva  transfsr  a»dal.  Tha 
rasults  ara  vary  ancouraging  for 
application  of  satallita  ratriavad 
paraaiatars  to  MOVAN.  Third,  tha 


rasults  of  Rouault  hava  baan 
incorporatad  into  our  ragional 

analysis  schoM  and  suanarias  of  tha 

ASTRX  rsglon  ara  procaading. 

PDRIilCATiaMi  Rouault,  M.  and  Durkaa, 
P.A.,  ■Charactarisation  of  Aerosols 
above  tha  Ocean  froai  Satallita  Raaota 
Sensing,”  Muclaatiiyn  tin<^ 

Aerosols.  M.  Fukuta  and  P.  I. 
Wagner,  ads.,  DBSPAK  Publishing,  pp 
357-360,  1993. 

OCMFMRBKM  PRMSIMTATZan t  Durkaa,  P. 
A.,  Ruppa,  K.,  and  Shnipniawlcs ,  C., 
"Interactions  between  Continental 
Aarosols  Particles  and  Marina 
Stratocxnulus  Clouds  during  ASTSZ, ” 
AOD  Spring  Masting,  Baltlaora,  MD, 
24-28  Nay  1993. 

THBSIS  DZSBCTBDt  Ruppa,  K. , 
"Aerosol-cloud  interactions  during 
ASTSZ, ”  Master's  Thesis. 

DOD  SST  TSCBMOI.OOT  ARBAi 
Snvlronswntal  Sf facts. 


SZXWORDSt  Satallita  Raaota  Sensing 
Aarosols,  Marina  Boundary  Layer 
Aerosol -Closed  Interaction. 


STDDIBS  OF  THE  EFFECTS  OF  SHIP  ACTIVITY  OH  0.000  PKOPKETIKS 
P.  A.  Durkee,  AMOclate  Professor 
Department  of  Meteorology 
Sponsor  and  Funding:  Office  of  Haval  Research 


OBJacrxvSx  obaarvatlona  of 
ahip  tracka  in  atratifoxa  clouda  will 
ba  analyxad  and  coaqparad  to 
aataorological  and  aircraft 
aMaauraaionta .  Phanomanological 
atudiaa  will  dafina  tha  phyaical, 
taaporal  and  radiativa 
charactariatica  of  tracka  including 
occurranca  atatiatica .  Machaniam 
atudiaa  will  incorporata  aircraft 
maaaxxraBianta  to  bagln  to  datanaina 
foraatlon  procaaaaa. 

SOBIkST:  Funding  for  thla  pro j act 
bagan  in  April  1992.  Bxtanaiva 
raaulta  from  a  numbar  of  thaala 
pro  j  acta  ara  cooqplata.  Salvato 
coB^arad  high  latituda  ahip  track 
formation  with  aubtroplcal  raglona 
and  found  that  tha  Arctic  ragion  la 
algnlfleantly  atora  auacaptibla  to 
track  formation.  Pattlgraw  davalopad 
tha  moat  coiqplata  aat  of  ahip -ahip 
track  collocatlona  to  data.  It  waa 
datarailnad  that  tha  ahip  la  typically 
within  5-10  km  of  tha  track  haad. 
Bvana  coaipilad  a  aat  of  60  tracka  and 
imalyzad  tham  for  phyaical  and 
radiativa  charactariatica.  Giaa^aolo 
taatad  an  automated  track  dataction 
algorithm  davalopad  by  Nlalaan.  Lutz 
conqplatad  a  atudy  of  occurranca 
atatiatica  for  tracka  in  tha  aaatam 
North  Pacific  and  ahowad  that  tracka 
ara  mora  common  tha  pravioualy 
thought.  Mlllman  davalopad  an 
analyala  tachnlqua  that  allowa  atudy 
of  tha  taaqporal  charactariatica  of 
tracka  and  ahowad  that  tha  dlaparalon 
charactariatica  of  tracka  ara  aa 
axpactad  from  turbulanca  modala. 


During  tha  aumaMr  of  1993  data  waa 
collactad  off  tha  DS  waat  coaat. 
Approximately  5000  tracka  ara 

included  in  tha  data  aat.  Ixtractlon 
1  of  track  charactariatica  ia 

prograaalng.  A  thaala  by  Maya  (1993) 
daacribaa  tha  daalgn  of  a  databaaa 
approach  to  analyaia  of  large  numbara 
of  ahlptracka. 

COHFIRBMCS  PRM8IMTATIOM8 t 
Kuclauakaa,  A.,  Durkaa,  P.A., 
Skupnlawlcz,  C.,  and  Hialaan,  K.I., 
"Radiativa  Charactariatica  of 
Shiptracka  at  Might, "  Cloud  Impaeta 
on  DOD  Oparationa  and  Syatama  (CIDOS- 
93),  Fort  Balvolr,  VA,  16-19  November 
1993. 

Durkaa,  P.A.,  Kuclauakaa,  A., 
Skupnlawicz,  C.,  and  Nialaan,  K.B., 
"Invaatigationa  of  Shiptraclcs  in 
Marino  Clouda,”  Cloud  lapacta  on  DOD 
Oparationa  and  Syataauz  (CIDOS-93), 
Fort  Balvoir,  VA,  16-19  Novombar 
1993. 

OTHBR:  Twohy,  C.H.,  Durkaa,  P.A., 
Huabort,  B.J.,  and  Charlaon,  R.J., 
"Bf facta  of  Aoroaol  Partlelaa  on 
Droplet  Size  Dlatributlona  and 
Satollita-Darlvod  Rafloctanca  in 
Coaatal  Stratiform  Clouda," 
submitted  to  Journal  of  Oaonhyaical 
Raaaarch. 

Porch,  N.,  Kao,  C.-Y.  J. ,  Buchwald, 
N.,  Unrxih,  W.,  Durkaa,  P.A.,  Hindman, 
B.,  and  Hudaon,  J.,  "Tha  Bf facta  of 
External  Forcing  on  tha  Marina 
Boundary  Layer:  Ship  Traila  and  a 
Solar  Bcllpaa,"  aubailttad  to 

Atmoanharic  Bnvironmant. 
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Blndaan,  I.B.,  Porch,  N.M. ,  Hudaon, 
J.O.,  and  Ourkoa,  P.A.,  "Shlp- 
Producod  Cloud  Linos  of  13  July 
1991,*  submitted  to  Ataoaoharlc 
tovlroojsant. 

THMM  DISBCXBD:  Salvato,  O.S., 
■Coaq>arlaon  bstwaan  Arctic  and  Sub¬ 
tropic  Ship  Exhaust  affects  on  Cloud 
Properties,"  Master's  Thesis,  1992. 

Pettigrew,  J.C.,  "Surface 
Meteorological  Parameters  of 
Identified  Ship  Tracks,"  Master's 
Thesis,  September  1992. 

Evans,  M.E.,  "Analysis  of  Ship  Tracks 
in  Cloudiness  Transition  Regions," 
Master's  Thesis,  September  1992. 

Luts,  J.W.,  "Ship  Trackst  A 
Geographical  and  Statistical  Study, * 
Master's  Thesis,  December  1992. 


Mays,  D.,  "Shiptrack  Database 
Analysis,"  Master's  Thesis,  December 
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Millman,  T.M.,  "A  Temporal  Analysis 
of  East  Pacific  and  East  Atlantic 
Ship  Tracks,"  Master's  Thesis, 
December  1992 . 

Oiaapaolo,  V.P.,  "Shiptrack  Detection 
Algorithm  Study,"  Master's  Thesis, 
JVine  1992. 

DOD  KEY  TECHMOLOOT  ARSAt 
BnvlronsMntal  Effects. 

KXTMOSDSt  Satellite  Reante  Sensing, 
Aerosol - Closed  Interaction, 
Shiptracks,  Marine  Boundary  Layer. 
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CLOUD-CLnOkTB  FEBOBATT  HKTRl^VISlISi 
IMPACT  Qg  RgntirTTOW  IN  FOSSIL  FUEL  HMTSSTQMS 
P.  A.  Durkee,  Associate  Professor 
Departsent  of  Meteorology 
j^xmsor  and  Funding:  D^partnent  of  Energy 


OBJaCTZVSi  Analyais  of  satallit* 
obaorvationa  of  cloud  radiative 
proiiiortloa  will  bo  conducted  by  NP8 
in  conjunction  with  North  Carolina 
State  Ualveraity  laeaaurementa  at  the 
Mount  Mitchell  reaearch  facility. 

SnaoUKT:  Analyala  procadurea  were 
aot  up  from  data  collected  during 
auauMr  1993.  Data  collected  at  Mt. 
Mitchell  waa  uaod  to  identify  caae 


atudiaa.  Preliminary  roaulta  in¬ 
dicate  clouda  over  land  can  be 
analysed  for  adcrophyaical  of fecta  of 
aeroaola.  Thaao  reaulta  will  be 
preaentad  in  Saxana  at  al.  (1994)  . 

D(»>  KMT  nCBHOmor  ASSAs  Environ¬ 
mental  Bf fecta. 

KBmOSDS:  Data  Collection,  Clouda. 


SHIPBQABD  AND  SATRT.T.TTB  IllVESTI<3ATI01iS  OF 
MARIMB  AEROSOL  PARTICLES 
P.  A.  Durkee,  Associate  Professor 
Department  of  Meteorology 
Sponsor  and  Funding:  Matlonal  Aeronautics  and 
Space  Administration 


OBJMCnVB:  Analysis  of  satellite 
observations  of  aerosol  and  cloud 
radiative  properties  will  be 
conducted  by  NPS  in  conjunction  with 
NOAA  PMBL  research  cruises  and  the 
ACB-1  experiswnt. 

SUMMAKT:  Data  was  collected  during 
two  cruises  of  the  NOAA  ship 
Surveyor.  During  April/May  1993, 
data  was  collected  aboard  the 
Surveyor  from  Tahiti  to  Seattle  and 
during  November /December  1993,  data 
was  collected  on  a  reverse  track  from 
Seattle  to  Tahiti. 


This  satellite  data  is  being  analysed 
for  aerosol  properties  related  to 
ship -board  Bieasuresients.  Hemispheric 
and  region  variations  are  evident  in 
the  data  and  the  results  will  provide 
open  ocean  analysis  of  marine  aerosol 
formation  and  transport  mechanisms. 

DOD  BBT  TBCHNOLOOr  ABBA:  Environ¬ 

mental  Effects. 

KBXWORDS:  Data  Collection, 

Satellites. 
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TItQPTCMi  CTgWWt  WCTiqiT  fiTTOIlg 
R.  L.  Blsb^rry,  Profmmmor 
P.  A.  Harr,  Adjunct  Profasaor 
L.  B.  Carr,  III,  Asaistant  Profasaor 
Dapartnant  of  Mataorology 
Sponsor  and  Funding:  Offica  of  Naval  Rasaareh 


OBJSCTIVai  Th«  obj«ctiv«  of  thl« 
continuing  projoct  is  to  ioqprovs 
understanding  of  synoptic -seals, 
masoscala  and  larga-scala 
snvironsisntal  influaneas  on  tropical 
cyclone  notion.  A  long- tarn  goal  is 
to  inprova  the  accuracy  of  tropical 
cyclone  track  pradictiona  for  the 
Float  as  wall  as  to  extend  the  period 
of  skillful  track  forecasts  fron  72  h 
to  120  h. 

SOaiAKTt  A  sunsMry  (Hlsbarry  1993) 
of  the  advances  in  dynasiieal 
prediction  of  tropical  cyclone  notion 
was  prepared.  An  overview  of  the 
tropical  cyclone  hazards  has  been 
published  (Holland  and  Blsberry 
1993) .  Deconposltion  of  the 
preliadnary  TCac-90  wind  fields  into 
three  conponents  has  been  tested 
(Blsberry  and  Bohnor  1993) . 
implication  of  the  docoaposltlon 
technique  to  the  high- resolution  TCN 
analyses  resulted  in  propagation 
vectors  that  were  realistic  in 
nagnitude,  but  more  equatorward  than 
in  prior  studies  (Blsberry,  Dobos  and 
Titlay  1993) . 

Dunnavan  at  al.  (1993),  McKinley  and 
Blsberry  (1993)  and  Boothe  at  al. 
(1993)  have  described  pralinlnary 
results  fron  the  Tropical  Cyclone 
Motion  (TCM-92)  ninl-fleld 
axparlaiont .  unique  observations  of 
tropical  nesoscale  convective  systems 
have  been  obtained,  and  the 
relationships  of  these  aystwna  to 
tropical  cyclone  notion  and 
fonaations  are  being  studied. 


Carr  and  Blsberry  (1993)  have 
modelled  the  interaction  of  a 
tropical  cyclone  with  a  monsoon  gyre 
that  leads  to  sudden  track  changes. 
Harr  and  Blsberry  (1993)  have  studied 
still  larger  scale  circulations  that 
control  both  active  vs.  inactivity  of 
the  tropical  cyclones  in  the  western 
Pacific,  and  also  whether  the  track 
will  be  a  straight -mover  or  a 
recurvar.  Work  in  progress  is  to 
\indarstand  the  predictability  of  this 
large-scale  Interaction  and  to 
explore  long-range  predictions  of 
track  type. 

A  field  program  sunmary  (Barr  at  al. 
1993)  of  the  TCM-93  mini-field 
expariawnt  has  been  prepared.  In 
addition  to  sussoarising  the  high¬ 
lights  of  the  seven  sdasions,  the 
data  sets  are  described  for  potential 
use  by  other  researchers. 

FDBUCATIOHSi  Blsberry,  R.I,.  and 
Bohnar,  R.H.,  Jr.,  "Threa-conponent 
Deconpositions  of  Tropical  Cyclone 
Wind  Fields:  Relation  to  Tropical 
Cyclone  Motion,-  in  Tropical  Cyclone 
Disasters.  Lighthill,  J.,  Zhasdn, 
Z.,  Holland,  O.,  and  Bmanuel,  K., 
eds.,  Peking  TTnlverslty  Press,  pp. 
306-317,  1993. 

Holland,  O.J.  and  Blsberry,  R.L., 
-Tropical  Cyclones  as  Natural 
Hazards :  A  Challenge  for  the  IDMDR,  - 
in  Tropical  Cyclone  Disasters, 
Lighthill,  J. ,  Zhesiln,  Z.,  Holland, 
O.,  and  Bmanuel,  K.,  eds.,  Peking 
University  Press,  pp.  17-30,  1993. 
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Harr,  F.A.  and  Chan,  J.-M., 
"Intarpretatlon  of  Extended  En^irical 
Orthogonal  Function  (EOF)  Analysis,* 
Monthly  Weather  Review.  Vol.  lil. 
No.  9,  pp.  2631-2636,  September  1993. 

Boothe,  M.A. ,  Harr,  P.A.,  and 
Elsberry,  R.L.,  "Interaction  Between 
a  Mesoscale  Convective  System  and  the 
Large-scale  Monsoon  Flow  during  TCM- 
92,*  preprints  o£  the  20th  Conference 
on  Hurricanes  and  Tropical 
Meteorology,  American  Meteorological 
Society,  San  Antonio,  TX,  pp.  481- 
484,  May  1993. 

Carr,  L.B.,  III  and  Elsberry,  R.L., 
"Barotroplc  Modelling  of  Monsoonal 
Interactions  Leading  to  Sudden  Track 
and  Structure  Changes  of  Tropical 
Cyclones,*  Preprints  of  the  20th 
Conference  on  Hurricanes  and  Tropical 
Meteorology,  American  Meteorological 
Society,  San  Antonio,  TX,  pp.  361- 
364,  May  1993. 

Ihinnavan,  G.M.,  Elsberry,  R.L.,  Harr, 
P.A.,  McKinley,  E.J.,  and  Boothe,  M. 
A.,  "Overview  of  the  Tropical  Cyclone 
Motion-92  Mini-field  Experiment," 
Preprints  of  the  20th  Conference  on 
Hurricanes  and  Tropical  Meteorology, 
American  Meteorological  Society,  San 
Antonio,  TX,  pp.  477-480,  May  1993. 

Elsberry,  R.L.,  Dobos,  P.H.,  and 
Titley,  D.W.,  "Extraction  of  Large- 
scale  Environmental  Flow  Components 
from  the  TCM-90  Analyses:  In^lica- 
tlons  for  Tropical  Cyclone  Motion 
Studies,"  Preprints  of  tne  20th 
Conference  on  Hurricanes  and  Tropical 
Meteorology,  Americem  Meteorological 
Society,  San  Antonio,  TX,  pp.  485- 
488,  May  1993. 

Harr,  P.A.  and  Elsberry,  R.L., 
"Variability  of  Tropical  Cyclone 
Track  Characteristics  and  Large-scale 


Circulation  Regioias  over  the  Nestem 
Pacific  Ocean, *  Preprints  of  the 
20th  Conference  on  Hurricanes  and 
Tropical  Meteorology,  Asierican 
Meteorological  Society,  San  Antonio, 
TX,  pp.  97-101,  May  1993. 

McKinley,  E.J.  and  Elsberry,  R.L., 
"Observations  during  TCM-92  of  the 
Role  of  Tropical  Mesoscale  Convective 
Systems  in  Tropical  Cycloganasia, * 
Preprints  of  the  20th  Conference  on 
Hurricanes  and  Tropical  Meteorology, 
American  Meteorological  Society,  San 
Antonio,  TX,  pp.  401-404,  May  1993. 

Carr,  L.E.,  III  and  Elsberry,  R.  L., 
"Forecaster  Rapporteur  Report  on 
Tropical  Cyclone  Motion, *  Technical 
Report  WMO/TD  No.  573,  World 
Meteorological  Organization,  pp.  67- 
91,  Geneva,  1993. 

Elsberry,  R.L.,  "Advances  in 
Dynamical  Predictions  and  Modeling  of 
Tropical  Cyclone  Motion, ”  NPS 
Technical  Report  NPS-MR-93-002 ,  March 
1993. 

Harr,  P.A.,  Elsberry,  R.L.,  Ritchie, 
E.A.,  Willoughby,  H.W.,  Boothe,  M. 
A.,  Carr,  L.B.,  III,  and  Jeffries,  R. 
A.,  "Tropical  Cyclone  Motion  (TCM-93) 
Field  Experiment  Summary, *  NPS 
Technical  Report  NPS -MR- 93 -004, 
October  1993. 

CONFERENCE  PRESENTATIONS:  Carr,  L. 
E.,  Ill  and  Elsberry,  R.L.,  "A 
Systematic  Approach  to  Tropical 
Cyclone  Forecasting  in  the  Western 
Pacific  Region,"  USPACOM  Tropical 
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Meeting  American  Meteorological 
Society,  Anaheim,  CA,  January  1993 . 
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Rosaarch  at  tha  Naval  Poatgraduata 
School,"  nSPACOM  Tropical  Cyclona 
Confaranca,  Tokyo,  Japan,  Fabruary 
1993. 

Blabarry,  R.L.,  "Prallsdnary  Rasulta 
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Hurricana  Confaranca,  Miami,  FI,, 
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Blabarry,  R.L.,  "Advancaa  in  Tropical 
Cyclona  Motion  Undaratandlng  and 
Pradlctlon  with  Dynamical  Modala, " 
Zntamatlonal  Aaaoclatlon  Mataorology 
and  Atmoapharlc  Phyalca  Syn^oalum, 
Yokohama,  Japan,  July  1993. 

Blabarry,  R.I,.,  "Tropical  Cyclona 
Motion, "  Third  Intarnatlonal 
Workahop  on  Tropical  Cyclonaa, 
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Harr,  P.A.  and  Blabarry,  R.L., 
"Pradictabllity  of  Naatam  North 
Pacific  Tropical  Cyclona 
Charactariatica  Aaaoclatad  with 
Larga-acala  Circulation  Raglmaa," 
Intarnatlonal  Aaaoclatlon  Mataorology 
and  Ataoapharlc  Phyalca  Sympoalxa, 
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DOD  BBT  TBCHMOLOOT  ARBAt 
Bnvlronaiantal  Bf facta. 

KBYMORDSt  Tropical  Cyclona  Motion, 
Tropical  Cyclona  Formation,  Tropical 
Maaoacala  Convactlva  Syatama. 
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TROPICAL  CYCLONE  PREDICTION 
R.L.  Blsberry,  Professor 
P.A.  Harr«  Adjunct  Professor 
Sponsor:  Office  of  Havel  Research  (1122101) 
Departaent  of  Meteorology 
Funding:  Naval  Postgraduate  School 


OBJBCTIVB:  Th«  long-term  goal  o£ 
this  continuing  project  is  to  improve 
predictions  of  tropical  cyclone 
motion. 

SUmORT:  An  observational  and 
numerical  study  of  the 
orographically- induced  effects  for 
tropical  cyclones  approaching  Taiwan 
from  the  east  has  been  completed  (Yeh 
and  Blsberry  1993a,  b,  c,  d)  . 
Upstream  track  deflections  are  found 
in  two  regions.  At  first,  the 
deflections  are  southward  and 
eastward  in  response  to  an  enhanced 
barrier  effect  as  the  outer  cyclone 
circulation  approaches.  Closer  to 
the  barrier,  the  inner  core 
circulation  is  greatly  distorted  and 
an  cyclonic  (antlcyclonlc)  asymmetric 
circulation  forms  over  (offshore 
from)  the  orography.  It  is  the  flow 
between  these  counter-rotating  gyres 
that  cause  the  northward  and  eastward 
track  deflections  for  cyclones 
approaching  the  southern  portion  of 
Taiwan  (Yeh  and  Blsberry  1993b) . 

The  numerical  slmulatlone  reproduce 
the  observed  tendency  for  northern- 
approaching  storms  to  pass 
continuously  around  or  over  Taiwan 
orography,  whereas  southern- 
approaching  storms  are  more  likely  to 
have  discontinuous  tracks  (Yeh  and 
Blsberry  1993c) .  More  Intense  or 
rapidly  translating  storms  tend  to 
have  more  direct  and  continuous 
tracks  across  the  barrier.  The 
surface  pressure  and  wind  centers 
become  decoupled  as  the  storm 


dissipates  on  the  upstream  side,  and 
these  centers  stay  move  in  opposite 
directions. 

Dobos  and  Blsberry  (1993)  have 
evaluated  the  accuracy  of  tropical 
cyclone  recurvature  for  three 
objective  track  techniques  and  the 
official  forecasts  of  the  Joint 
Typhoon  Warning  Center  during  1979- 
1984.  The  One-way  influence  Tropical 
Cyclone  Motion  is  the  most  accurate. 
Ford  et  al.  (1993)  have  developed  an 
objective  recurvature  prediction 
technique  that  has  skill  relative  to 
the  objective  techniques. 

PUBLICATIONS:  Dobos,  P.H.  and 
Blsberry,  R.L.,  "Forecasting  Tropical 
Cyclone  Recurvature  -  Part  I, 
Bvaluation  of  Bxisting  Methods," 
Monthly  Weather  Review.  Vol.  121,  No. 
5,  pp.  1273-1278,  May  1993. 

Ford,  D.M.,  Blsberry,  R.L.,  Harr,  P. 
A.,  and  Dobos,  P.H.,  "Forecasting 
Tropical  Cyclone  Recurvature  -  Part 
II,  An  Objective  Technique  using  an 
Bmplrical  Orthogonal  Function 
Representation  of  Vorticity  Fields," 
Monthly  Weather  Review.  Vol.  121,  No. 
S,  pp.  1279-1290,  May  1993. 

Yeh,  T.-C.  and  Blsberry,  R.L., 
"Physical  Processes  Involved  in 
Typhoon  Track  Deflections  Caused  by 
Taiwan  Orography, "  Bast  Asia  and 
Western  Pacific  Meteorology  and 
Climate  II.  World  Scientific 
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Publishers,  Singapore,  pp.  213-222 
1993. 


y«h,  T.-C.  and  Blabarry,  R.L., 
"Intaractlon  of  Typhoons  with  tha 
Taiwan  Orography  -  Part  I,  tlpstraaa 
Track  Daf lactiona, "  Monthly  Waathar 
Raviaw.  Vol.  121,  No.  12,  pp.  3193- 
3212,  Dacanbar  1993. 

Yah,  T.-C.  and  Blsbarry,  R.L., 
"Intaraetion  of  Typhoons  with  tha 
Taiwan  Orography  -  Part  ZZ, 
Continuous  and  Discontinuous  Tracks 
Across  tha  Zsland, "  Monthly  Waathar 
Raylaw.  Vol.  121,  Mo.  12,  pp.  3213- 
3233,  Dacanbar  1993. 

Yah,  T.-C.  and  Blsbarry,  R.L., 
"Nusiarlcal  Simulation  Study  of 
Typhoons  Crossing  Taiwan, "  In 
Procaadlnga  of  tha  Confaranca  on 
Naathar  Analysis  and  Foracastlng, 
Talpal,  Taiwan,  pp.  323-330,  May 
1993. 


COHPBRBMCB  PRBSBRATXan t  Blsbarry, 
R.I,.  and  Yah,  T.-C.,  "Zntaraction  of 
Tropical  Cyclones  with  Orographyt 
Continuous  yarsus  Discontinuous 
Tracks  Across  Taiwan,  ■  Zntamatlonal 
Association  Mataorology  and 
Atatospharlc  Physics  Symposium, 
Yokohasm,  Japan,  July  1993. 

DOD  KBY  TBCBMOZiOOY  ARBAt 
Bnylronmantal  Bf facts. 

KXYMDRDSt  Tropical  Cyclona  Motion, 
Tropical  Cyclone  Racurvatura, 
Tropical  Cyclone  Track  Prediction. 
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yii^SIBILITY  STDDY  OF  A  WEST  COAST  PICKET  FKMCB  8FBCIF1CATI0W 
OF  UPSTRKAM  BOOMDAgY  CONDITIONS  FOR  STORII 
R.  L.  Blsberry,  Professor 
P.  A.  Hlrschberg,  Adjunct  Professor 
R.  J.  Lind,  Meteorologist 
Department  of  Meteorology 
Sponsor  and  Funding:  National  Science  Foundation 


OBJSCTXVB:  Th«  baalc  objactlva  of 
this  continuing  project  is  to 
demonstrate  that  a  "picket  fence"  of 
extra  rawinsonde  stations  along  the 
n.S.  west  coast  will  lnqprove  the  time 
and  spatial  resolution  of  the  mass, 
momentum,  heat,  kinetic  energy  and 
moisture  carried  by  jet  streaks  and 
short  waves  entering  the  U.S.  from 
the  date-sparse  Pacific  Ocean.  A 
consequence  of  this  inqproved 
specification  of  the  "upstream 
boundary"  conditions  will  be  a  more 
accurate  forcing  of  the  mesoscale 
weather  systems  that  develop  over  the 
central  U.S. 

SUmiART:  The  feasibility  of  this 
concept  was  tested  during  the  STORM- 
Fronts  Experiment  Systems  Test  (FEST) 
during  1  February  to  15  March  1992. 
A  series  of  seven  special  rawinsonde 
sties  were  Interspersed  among  the 
seven  regular  rawinsonde  sites  along 
the  west  coast  from  Port  Hardy, 
British  Coliunbia  to  San  Diego, 
California.  In  addition  to  the 
improved  spatial  resolution, 
rawlnsondes  were  launched  every  3  h 
at  all  14  sites  to  laprove  the  time 
resolution  during  four  Intensive 
Observing  Periods  (Lind  et  al.  1992). 
Data  from  the  regular  and  special 
sites  have  been  collected,  put  into  a 


common  format  and  delivered  to  the 
STORM-FESt  Data  ManagesMnt  Center  and 
to  the  participants .  An  extensive 
quality  control  of  the  observations 
in  the  vertical,  and  via  time  and 
spatial  cross-sections  along  the  west 
coast,  has  been  coaqpleted. 
Preliminary  analyses  Indicate  that 
the  enhanced  observations  captured 
features  that  would  have  been  poorly 
saa^lad  by  the  conventional  12 -h 
rawinsonde  network  along  the  west 
coast.  A  M.S.  thesis  in  progress  is 
objectively  analyzing  the  soundings 
to  a  regular  grid.  Diagnostic 
calculations  of  momentum,  heat, 
kinetic  energy  and  stoisture  fluxes 
will  be  cooqpared  with  and  without  the 
special  picket  fence  observations. 

PDBUCATIOE:  Lind,  R.J.,  Hlrschberg, 
P.A.,  Titley,  D.W.,  and  Elsberry,  R. 
L.,  "West  Coast  Picket  Fence 
Feasibility  Study  during  STORM-FEST. 
I.,  Field  Program  Summary,"  MPS 
Technical  Report  NPS-MR-92-003,  July 
1992. 

DOD  KET  TECHMOLOOT  AREA: 
Environmental  Effects. 

KBywORDS:  BOludary  Fluxes,  Data 
Impacts,  Mesoscale  Weather  Systems. 
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Departaent  of  Meteorology 
Sponsor:  Office  of  Havel  Research 
Funding:  Office  of  Naval  Research,  Code  322PO 


raJSCnVB:  Th«  broad  objactlv*  of 
this  raaaarch  Is  to  axplora  tha 
atructura  and  dynamlca  of  cold 
filaaanta  ovar  tha  contlnantal  riaa 
and  alopa  in  aaatam  boundary  currant 
ragiona  uaing  modal-data 
aaaladlation.  A  multi -laval 
priadtlva  aquation  ocaan  modal,  and 
data  from  tha  BBC  hydrographic/ADP 
aurvaya,  will  ba  uaad  to  addraaa 
quaationa  about  tha  obaarvad 
filaaMnta  that  can  not  ba  anawarad 
with  tha  data  alona. 

SamoUIT:  Sinca  thia  ia  a  naw 
projact,  tha  data  aaaimilation 
atudiaa  ara  in  prograaa  at  tha 
praaant  tima.  Our  approach  ia  to  uaa 
atatic  data  aaaioiilation  and  dynamic 
initialization  to  datarmina  tha  baat 
aatiaMta  of  tha  atructura  and 
curranta  of  coaatal  ocaan  filamanta 
at  tha  tima  of  aach  BBC  hydrographic 
aurvay  in  tha  California  Currant. 
Tha  raaulting  fialda  will  ba  uaad  to 
taat  tha  following  hypothaaaa:  (1) 
tha  3-D  circulation  in  coaatal  jata 
and  filazMnta  daparta  aignif icantly 
from  quaai-gaoa trophic  (QG)  thaory 


dua  to  nonlinaarity,  (2)  atrong 
vartical  circulationa  occur  at 
antranca  and  axit  ragiona  of  coaatal 
jata,  (3)  atrong  vartical 
circulationa  occur  batwaan  craata  and 
trougha  of  Mandaring  coaatal  jata, 
and  (4)  tha  vartical  circulationa 
aaaociatad  with  thaaa  faaturaa  axtand 
daap  anough  to  tranaport  biota  and 
othar  traca  Mtarial  out  of  tha 
aurfaca  layar  and  into  tha  daapar 
ocaan. 


COBPBRBBCB  PBBSBMZATXOMs  Hanay,  R. 
L.,  "Dynamic  Initialization  in  tha 
California  Currant  uaing  a  digital 
filtar,  ”  25th  Intamational  Liaga 
Colloquium  on  Ocaan  Bydrodynaadca , 
Liaga,  3-7  May  1993. 

OTHER:  Chumbinho,  Rogario,  P.,  Vt, 
PT  MAV,  Ph.D.  Dlaaartatlon,  in 
prograaa;  Graduation  Doc.  1994. 

DOD  KRT  TBCHMOI.OOT  ARBAx 
Bnvironmantal  Bf facta. 

KBXWORDS:  Ocaan  Data  Aaalailatlon, 
Coaatal  Ocaan  Dynaadca. 
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DIGITAL  FILTER  DflTTAT.TgATTQfM  Df  THB  OCEMI 
R.L.  Haney,  Chainan  &  Professor 
Departnent  of  Meteorology 
Sponsor:  Office  of  Haval  Research 
Funding:  Office  of  Naval  Research,  Code  124 


OSJBCTZVSj  This  rsssarch  is  to  tsst 
and  varlfy  a  naw  aathod  of  initializ¬ 
ing  a  prladtiva  aquation  nodal  of  tha 
coastal  ocaans.  Tha  initialization 
mathod,  rafarrad  to  as  Digital  Plltar 
Initialization  (DFI) ,  was  racantly 
davalopad  by  Lynch  and  Huang  (1992) 
for  usa  in  an  intazmlttant  data 
asslsillatlon  systam  in  tha 
atzuaphara.  Tha  DFI  ziathod  consists 
of  applying  a  digital  filter  to  time 
sarlas  of  modal  variables  ganaratad 
by  short  tarn  backward  and  forward 
Intagratlons  starting  from  an 
unlnltlallzad  analysis .  Tha 
objective  of  this  study  is  to  axamlna 
the  performance  of  tha  DFI  method  in 
controlled  nxmarical  axparimants  in 
tha  coastal  ocaans. 

SDHIhRT:  Since  this  is  a  new 
project,  the  work  has  just  started. 
Tha  DFI  method  will  be  davalopad  and 
varlflad  in  increasingly  coaq>lax 
nimarlcal  ocean  axparimants .  The 
first  of  such  experiments  will 
utilize  idealized  neutral  barocllnlc 
wave  modes,  for  which  tha  dynaioically 
adjusted  state  is  known  analytically, 
as  a  rafaranca  solution.  The  DFI 
Bwthod  will  than  be  used  to  recover 
(l.a.,  to  initialize)  the  three 
dizMnsional  currants  in  the  reference 
solution  starting  from  the  initial 
density  field  alone.  In  these 


experiments,  the  DFI  method  will  be 
optlad.zed  and  subsequently  verified 
as  a  fimction  of  the  barocllnic  wave 
scale.  This  will  establish  the  skill 
of  the  DFI  method  in  the  linear 
quasi -geostrophlc  regime.  A 
following  sot  of  oj^oriments  will 
exaad.na  tha  DFI  method  in  the  context 
of  a  realistic  spectrum  of  nonlinear 
finite  amplitude  coastal  ocean 
disturbances.  The  perfonnance  of  the 
method,  specifically  its  ability  to 
recover  the  divergent  part  of  the 
circulation,  will  bo  quantitatively 
verified.  The  results  of  this 
research  will  contribute  to  better 
initialization  of  coastal  ocean 
prediction  aiodels  and  to  an  iaproved 
representation  and  understanding  of 
the  thrae-dizMnsional  circulation 
associated  with  mesoscale  features 
observed  in  the  coastal  oceans. 

COMFBKKHCK  PRISBRATZOMt  Haney,  R. 
L. ,  "Dynastic  Initialization  in  the 
California  Current  using  a  Digital 
Filter, "  25th  International  Liege 
Colloquium  on  Ocean  Hydrodynamics, 
Liege,  3-7  Nay  1993. 

DOD  TBCHMOLOOT  ARIA:  Environmental 
Effects. 

KEYWORDS:  Ocean  Data  Assiad.latlon, 
Coastal  Ocean  Dynaad.cs. 
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gimPTaiogi.TiiK  nnwTTY 
COASTAL  mi<Xt  FROM  UPPER  OCKMT  OBSI 

Robert  L.  Hanay.  Cbalxaan  fc  Prof  •■■or 
Dopartaant  of  Itotaorology 
Sponaor:  Of  flea  of  IfAval  R«a«areh 
Funding;  Of flea  of  Maval  Raaaarcb,  Coda  124 


OBJBCnVI:  Tha  objactiva  of  thla 
study  is  to  tost  and  vorlfy  a  aathod 
for  ostlasting  donslty  fluctuations 
in  and  bolow  tha  ocaan  pycnoellna 
froa  obsarvations  in  tha  uppar  ocaan 
alona . 

snanaTt  Tha  problaa  baing 
considarad  is  that  of  constructing 
tha  bast  ostisiata  for  tha  dansity 
profllo  balow  a  cartain  dopth  D, 
glvan  tha  obaarvad  dansity  profila 
abova  that  dapth.  For  this  purpoaa, 
tha  astlsiatad  distiurbanea  profila  is 
Bodalad  as  a  woightad  sum  of  tha 
first  M  asqtirlcal  vortical  sndas 
(KOFs) .  For  oaeh  obaarvad  dansity 
profila,  tha  BOF  waights  that 
datazalna  tha  astiaatad  profila  ara 
obtainad  by  parfonaing  a  succassiva 
loast  squaros  fit  of  tha  dlsturbanca 
dansity  profllo  abova  D  to  tha  first 
N  BOFs.  In  this  study,  N  is  takon  to 
ba  7,  which  is  tha  nuabor  of  BOFs 
considarad  nocassary  to  account  for 
tha  "signal"  in  tha  profilas  as 
datorsdnod  by  tha  aothods  of 
Proisandorfar  at  al.  (1981)  and  Saith 
at  al.  (1985).  Tha  astiaatad 
profilas  ara  than  varifiad  against 
tha  obaarvad  profilas  to  2000  a,  and 
tha  rasults  ara  prosantad  as  a 
function  of  tha  dapth  D. 

In  gonaral,  tha  vortical  axtansion 
SMthod  is  awdorataly  successful  at 
astlaatlng  density  fluctuations  at 
and  balow  500  a  froa  data  entirely 
abova  500  a.  Tha  correlations 
batwaon  the  ostiaMtod  profilas  and  a 


7-aoda  r  aeons  true  timi  of  tha  observed 
profiles,  roprasantlng  tha  observed 
"signal,"  ara  soaaidiat  higher.  K 
practical  result  of  this  study  is 
that  data  down  to  only  200  a,  as 
adght  ba  acquired  by  a  SBhSOAR  CTD 
aurvay,  can  astiaata  the  "signal" 
part  of  tha  dansity  fluctuations  at 
500  a  with  a  correlation  of  .47  in 
suBaaar  and  .69  in  winter. 

OTHBBt  Haney,  R.I,.,  Hale,  B.  A.,  and 
Collins,  C.A.,  "Bstiaatlng  Subpyeno- 
clina  Density  Fluctuations  in  tha 
California  Currant  Region  froa  Uppar 
Ocaan  Obsarvations, "  MP8  Technical 
Report,  in  progress. 

Haney,  R.L.,  Hale,  R.A.,  and  Collins, 
C.  A. ,  "Bstiaatlng  Subpyenoelina 
Density  Fluctuations  in  tha 
California  Currant  Region  froa  Uppar 
Ocaan  Obsarvations,"  to  ba  subalttad 
to  Journal  of  Ataospbaric  Oceanic 
Technology.  January  1994. 

Haney,  R.  L.,  Hale,  R.A.,  and 
Collins,  C.A.,  "Bstiaatlng 
Subpyenoelina  Dansity  Fluctuations  in 
tha  California  Currant  Region  froa 
Uppar  Ocaan  Obsarvations,"  1994 
Ocaan  Sclancas  Maating,  San  Diego, 
CA,  21-24  February  1994,  forthcoaing. 

DOD  BBT  TBCmiOliOOT  ARBAi 
Bnvlronswntal  Effects. 

KBXaORDSt  California  Currant, 

Vartical  Bapirical  Orthogonal 
Function  (BOF)  Analysis. 
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PTABXTTg  EFFECTS  ON  KrTRATROPICiM.  CYCLONE  IMTEllBIFICAin-nM  mun 
MOTIOM  OVER  COASTAL  m  mxbtttmk  nwarm 
P.  A.  Hlrschbarg,  ABsiatant  Research  Professor 
C.  H.  Wash,  Professor 
Departsent  of  Meteorology 
Sponsor:  Office  of  Maval  Research 
Funding:  Naval  Postgraduate  School 


OBJKTZVS:  Th«  objective  of  thle 
continuing  project  le  to  examine  how 
diabetic  effects  act  to  alter  the 
intensification  and  motion  of  rapidly 
deepening  extratroplcal  cyclones  over 
coastal  and  aiarltlme  regions.  The 
study  focuses  on  a  rapidly  developing 
coastal  cyclone  observed  during  the 
Experiment  on  Rapidly  Intensifying 
Cyclones  over  the  Atlantic  (BRICA) , 
and  utilizes  observations  and 
simulations  of  the  event  with  the 
Navy  Operational  Regional  Atmospheric 
Prediction  System  (MORAPS) . 

SmaiARX:  Two  M.S.  theses  were 
coaq;>leted  that  documented  the 
synoptic  and  SMSoscale  evolution  of 
BRICA  5A.  Several  processes 
including  strong  lower -tropospheric 
teaverature  advectlon  and  upper-level 
cyclonic  vortlclty  advectlon  and 
divergence  were  found  to  contribute 
to  the  intense  development  of  the 
storm.  The  efficacy  of  a  36-h  NORAPS 
full  physics  forecast  of  the  event 
was  also  investigated.  In  general, 
this  60-km  experiment  produced  a  good 
simulation.  In  particular,  it  was 
found  that  NORAPS  was  able  to 
represent  the  con^lex  frontal 
evolution  associated  with  the 
cyclogenesis.  However,  slight  errors 
in  the  position  and  depth  of  the  sea 
level  cyclone  became  evident  by  the 
end  of  the  simulation.  Subjective 
hand  analyses  of  hourly  operational 
and  special  experiment  data  for  the 
period  stirrounding  the  onset  of  rapid 
deepening,  revealed  the  presence  of  a 
mesoscala  coastal  cyclone  not 
resolved  by  the  model.  It  is 
hypothesized  that  this  mesoscala 


cyclone  affected  the  development  of 
BRICA  5A  and  resulted  in  the  track 
and  intensification  errors  in  the 
modal  sisnilation  of  the  event.  A 
higher  horizontal  resolution  mn  of 
NORAPS  is  planned  to  investigate  this 
feature.  In  addition,  the  full 
physics  simulation  will  be  compared 
to  a  dry  simulation  to  study  the 
effects  of  diabetic  processes. 

PDBLICATIOSS:  Hlrschberg,  P.A.  and 

Frltsch,  J.M.,  "An  Analytic  Modeling 
Study  of  the  Devalopamnt  of  Bxtra- 
troplcal  Cyclones,  Part  I:  The 

Effects  of  Stratospheric  Structure,” 
Journal  of  the  Atmospheric  Sciences. 
Vol.  50,  No.  2,  pp.  311-327. 

Hlrschberg,  P.A.,  and  Fritsch,  J.M., 
"The  Stratospheric  Lid  and 
Understanding  Height  Tendency, " 
Monthly  Weather  Review.  Vol.  121,  No. 
9,  pp.  2646-2661. 

CONFERENCE  PRBSBNXATiaM:  Hlrschberg, 
P.A. ,  "Tropopausa  Uhdulations  and  the 
Development  of  Extratroplcal  Cyclone 
or  Sutclif fe/Petterssen  Development 
Theory  Revisited, "  Eighth  Extra¬ 
troplcal  Cyclone  Workshop,  Val -Morin, 
Quebec,  12-16  October  1992. 

THESES  DIRECTED:  Spinalll,  J.  M., 

LT,  USN,  "An  Investigation  of  the 
ERICA  IOP-5A  Cyclone,"  Master's 
Thesis,  December  1992. 

Cameron,  S.R.  LCDR,  USN,  "Mesoscala 
Frontal  Evolution  of  the  ERICA  IOP-5A 
Cyclone,"  Master's  Thesis,  September 
1993. 
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COASTAL  ATMOSPHKPTr  MKSngrAI.g  MODELIMG  STUDIES 
T.R.  Holt,  Aflslatant  Professor 
Department  of  Meteorology 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJKTIVB:  ^  research  objective  of 
this  two  year  project  was  to 
investigate  and  evaluate  Inportant 
coastal  masoscale  processes.  The 
primary  tasks  performed  were 
numerical  simulations  using  the 
NPS/NRL  mesoscale  modal  under  varying 
synoptic  and  coastal  flows  and  use  of 
these  simulations  to  aid  in  the 
investigation  and  identification  of 
important  coastal  physical  processes. 

SUmoUtT:  Mesoscale  numerical 
sianilations  using  the  NFS/NRIi  model 
along  the  West  Coast  of  the  United 
States  examined  the  2 >3  May  1990  case 
study.  Model  simulations 
incorporating  explicit  cloud  liquid 
water  and  cloud/radlative  processes 
were  performed  during  year  two 
{Fy94) .  Results  indicated  that  the 
updated  model  with  the  cloud  liquid 
water  and  radiative/cloud 
parameterizations  yielded  more 
accurate  simulations  as  verified  from 
synoptic,  mesoscale  and  satellite 
observations  than  simulations  without 
radiative/cloud  effects.  There 
existed  a  strong  interaction  of 
topographically  enheuiced  mesoscale 
sijbsidence  and  the  formation  of 
stratus  along  the  central  California 
coast.  Convection  primarily  along 
the  Sierra  Nevada  range  agreed  well 
with  satellite  Imagery.  The 
evolution  of  a  boundary  layer  jet 
along  the  northern  California  coast, 
possibly  caused  by  supercritical 
flow,  was  documented  in  mesoscale 
simulations. 

Simulations  using  the  NPS/NRL  model 
for  Bast  Coast  studies  concentrated 
on  diabatlc  effects  without  cloud 
liquid  water  or  cloud/radiative 


parameterizations.  Results  from 
niimerous  sensitivity  experiments 
indicated  the  Izportance  of  proper 
timing  of  diabatlc  processes  to 
provide  in-phase  forcing  necessary 
for  coastal  cyclogenasls . 

PUBUCATKBV:  Holt,  T.R.  and  Chang, 
S.H.,  *A  Nusierical  Investigation  of 
the  Effects  of  Timing  of  Diabetic 
Processes  in  the  Coastal  Cyclogenasls 
of  GALB  XOP  2,"  Monthly  Weather 
Review.  121,  pp.  1007-1029. 

THESIS  DIRBCTBD:  Farandez,  Damacene 
V.,  LCDR,  USN,  "Incorporation  and 
Comparative  Bvaluation  of  a  Mon- 
Convective  Cloud  Parameterization 
Schama  in  the  Naval  Research 
Laboratory  Nest  Coast  Masoscale 
Weather  Prediction  Model,"  Master's 
Thesis,  June  1993. 

OTHER:  A  journal  article  entitled 
"Structure  of  a  trapped  swsoscale 
disturbance  along  the  central  coast 
of  California"  by  T.R.  Holt  has  bean 
submitted  to  Monthly  Weather  Review. 
A  conference  abstract  entitled 
"Niimerical  simulations  of  the  cloud- 
radiative  and  marina  boundary  layer 
interaction  for  a  weak  southerly 
surge  event  along  the  California 
coast"  by  T.R.  Holt  has  bean 
submitted  to  the  Tenth  Conference  on 
Numerical  Weather  Prediction, 
Portland,  OR,  17-22  July  1994.  An 
NPS  Master's  Thesis  entitled 
"Visualization  of  a  Coastal  Mesoscale 
Model"  by  LT  R.  Mark  Seuapson,  USN, 
December  1993  (Second  Reader) 
utilized  the  NPS/NRL  West  Coast  apodal 
simulations . 
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MODBLUIG  OF  ATMOSPmntTC  tgR.df^«rar.K  PROCEgfiES 
T.R.  Holt,  Assistant  Professor 
Departaent  of  Meteorology 
Sponsor  and  Funding:  Naval  Research  Ziaboratory 


OBJICTZVB:  Tha  rasaarch  objactlva  of 
this  pro j act  was  to  liqprova  physical 
parasiatorisations  appropriate  for 
coastal  applications  in  tha  MPS/MRL 
nasoscala  modal.  Spacific  tasks 
includa  tha  davalopmant  and 
evaluation  of  an  explicit  cloud 
ll^ld  water  paramatarization  for 
nonconvactiva  and  convective  clouds 
and  an  integrated  cloud  fractional - 
radiation  schema.  Additional 
nximarlcal  siamlations  to  assess  tha 
Impact  of  assiiailation  of  in^ortant 
latent  heating  derived  from 
convective  and  nonconvactiva  rainfall 
on  coastal  cycloganesis  was 
Investigated. 

SOHOUnrx  incorporation  of  an 
explicit  cloud  liquid  water  scheme 
was  coaq>leted  in  a  triple  nest 
version  of  the  HPS/MRL  masoscale 
numerical  model .  Simulations  to 
assess  the  ijiq>ortance  of  the 
interaction  of  cloud  liquid  water  and 
radiative  effects  were  performed  for 
several  geographic  locations . 
Simulations  along  the  West  Coast  of 
the  United  States  where  stratiform 
clouds  predominate  ware  performed  to 
investigate  tha  Important 
cloud/radlative  interactions  for  a 
smrlne  boundary  layer  capped  by 
nonconvactiva  clouds.  Results  stress 
tha  ia^ortance  of  low  level  wind  flow 
influenced  by  the  coaqplex  coastal 
topography  in  influencing  the 


formation  and  movesMnt  of  the  marine 
stratus  deck.  Simulations  in  the 
tropical  West  Pacific  were  performed 
to  investigate  cloud/radiativa 
interactions  in  a  highly  convective 
Btarine  environment.  Results  indicate 
the  Inportance  of  liquid  water 
loading  in  affecting  the  water  budget 
as  well  as  in  Influencing  the 
masoscale  circulation  of  intense 
convective  updrafts  and  store 
spatially  broad  downdrafts. 

Additional  nuisarical  simulations  to 
investigate  tha  impact  of 
assimilation  of  rainfall  rates  on 
developawnt  and  intensification  of 
coastal  and  oceanic  cycloganesis  ware 
parforsMd.  Sensitivity  axperiamnts 
for  tha  BRZCA  IOP-4  case  study 
suggest  that  the  dynasd-c  processes 
are  more  responsible  for  the 
evolution  and  structure  of  the  swrlne 
cyclone  than  the  physical  processes. 
The  physical  processes  cooperate 
primarily  in  a  nonlinear  manner  to 
intensify  the  storm. 

OTHXR:  A  journal  article  entitled 
"Intact  of  assimilating  SSN/I 
rainfall  rates  on  numerical 
prediction  of  wintertime  cyclones”  by 
S.W.  Chang  and  T.R.  Holt  will  appear 
in  the  January  1994  issue  of  Monthly 
Weather  Review.  A  journal  article 
entitled  "A  numerical  study  of  the 
ERICA  IOP-4  marine  cyclone”  by  S.W. 
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Chang  and  T.R.  Holt  has  baan 
sufa^ttad  to  Monthly  Waathar  Ravlaw. 

DOD  KHT  TRCmOLOQT  ARHRt 

RnvironsMntal  Rf facts. 

RHIMUKUBt  Musiarlcal  Waathar 

Pradietionf  Coastal  Mataorology, 
Cloud- radlatlva  Intaraetlona . 
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GLOBAL  Aim  TBOPTmiT.  CIRCOT  i^’iTqifp 
T.  Muxphree,  Research  Assistant  Professor 
C.-P.  Chang,  Professor 
J.N.  Chen,  Research  Assistant  Professor 
Departnent  of  Meteorology 
Sponsor  and  Funding;  Naval  Research  Laboratory 


OBJSCTIVS:  This  continuing  projsct 
is  dssignsd  to:  (1)  identify  the 
dominant  mechanisms  of  short  term 
climta  change  in  the  atmosphere  and 
ocean;  (2)  evaluate  the  tropical 
atmosphere  and  ocean  systema  produced 
by  operational  analyses  and 
forecasts;  and  (3)  Improve  atmosphere 
and  ocean  forecast  systems. 

fflflttlfUFT-  We  have  pursued  five  main 
research  topics  during  1993.  These 
studies  were  conducted  in  collabor¬ 
ation  with  several  colleagues;  in 
partJeular,  Dr.  R.  Oelaro  and  Or.  C. 
Reynolds  of  MRL-Monterey,  and  Ms  L. 
Zambresky  of  FNOC. 

We  used  both  analyzed  fields  and  the 
Mavy  Operational  Global  Atmospheric 
Prediction  System  (NOGAPS)  model  to 
identify  the  mechanisms  which  govern 
variability  in  the  midlatitude 
responses  to  tropical  thermal 
forcing.  Our  focus  was  on  the 
sensitivity  of  the  midlatitude 
response  to  Intra- seasonal  variations 
in  the  ambient  flow.  We  confirmed 
that  in  both  the  analyzed  and  model 
fields,  the  waveguidlng  and 
barotroplc  instability 
characteristics  of  the  subtropical 
jets  may  be  major  factors  governing 
the  response.  These  fluctuations  in 
the  subtropical  jets  may  help  explain 
why  the  response  to  a  tropical 
heating  event  (e.g.,  the  1991-1994  B1 
Nifio  event)  may  vary  considerably 
during  the  course  of  an  individual 
tropical  event. 

We  have  also  continued  our  studies  of 
jet  fluctuations  using  additional 
analyzed  emd  modeled  fields.  The  Bast 


Asian  -  North  Pacific  jet  was  found 
to  be  well  correlated,  at  two  major 
locations,  with  the  tropical  heating 
in  the  central  and  eastern  Indian 
Ocean  area  and  the  western  and 
central  Pacific  area.  The  MOOAPS 
model  correlations  were  siadlar  to, 
but  generally  weaker  than,  those  in 
the  analyzed  fields.  The  results  of 
this  and  the  previously  described 
topic  suggest  that  tropical  heating 
may  exert  much  of  its  influence  on 
the  midlatitudes  by  first  interacting 
with  and  modifying  the  mldlatituda 
jet. 

We  have  also  continued  our  series  of 
experimental  NOOAPS  forecasts  on  the 
global  iz^acts  of  individual  western 
Pacific  typhoons.  Otur  procedure 
involved  selectively  applying  various 
versions  of  the  NOGAPS  tropical 
cyclone  bogus  procedure,  including  a 
negative  bogus  that  effectively 
eliminates  individual  cyclones . 
During  the  past  year  we  have 
experimented  with  two  additional 
typhoons.  We  found  that  the  impact 
of  a  single  typhoon  on  the 
circulation  over  the  North  Pacific- 
North  America-North  Atlantic  region 
ZMy  be  significant.  The  dynamics  of 
the  typhoon's  Impacts  are  sizkllar  to 
those  produced  by  larger  and  longer 
more  persistent  tropical  heating 
events  (e.g.,  Bl  Niilos)  .  In 
particular,  the  waveguidlng  and 
instability  features  of  the 
midlatitude  jet  play  a  key  role  in 
TOdulating  the  storm's  effects. 

Our  fourth  main  research  activity  was 
the  continuing  analysis  of  equatorial 
Pacific  air-sea  interactions  during 
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tb«  1991*1992  11  Mifio  •v«at.  In  th« 
oto««rvatloiuil  part  of  this  study,  ws 
SMlyssd  surf  SCO  stsK>sphsrs  and  uppar 
oeaaa  data  frosi  an  array  of 
o^uatorial  faelfic  buoys.  Ms 
Idantlfiad  a  auabar  of  stroag 
eorralatioas  batwaaa  soaal  winds  and 
tssipasaturas  naar  tha  tbamoclina. 
Thaaa  corralatioos  raflactad  tha 
stroap  iapaets  of  aastward 
propapatia^  ocaan  Kalvin  wavas  on  tha 
hast  eoataat  of  tha  i^ppar  ocaan  and. 
thasaby.  <m  local  air*saa  fiujias. 
Ona  iaportaat  iapact  was  tha  craatioa 
of  favorabla  or  unfavorabla 
eoaditinns  for  tropical  cyeloaa 
dawalopasnt .  la  araas  aaar  and  cast 
of  tha  dataliaa.  whara  Ralvia  wavas 
could  ba  elaariy  idaatifiad.  tha 
dovalopawMit  of  tropical  cyelooas 
■■■as  to  hava  bean  iaf luaacad  by  tha 
paasapo  of  ecaaa  Salvia  wavas.  Of 
tha  12  tropical  cyeloaas  that 
dovalopad  ia  this  area  durinp  tha 
study  pariod,  10  fonssd  as  tha 
dowwalliap  phasa  of  a  Salvia  wava 
paaaad  tha  foraaCioa  araa.  fiaca  tha 
Salvia  wavas  ia  tha  caatrsl  Pacific 
appaar  to  hava  baaa  forced  by 
tropical  cycloaaa  in  tha  wastarn 
Paoific.  thaaa  results  suppast  a 
poasihla  larpa  scale  faadbach  process 
ia  idUkch  oeaaa  Salvia  waves  arc  both 
a  raapoaaa  to.  aad  aa  initiator  of. 
tropical  cyclonas. 

la  the  sactmd  part  of  this  apuatorial 
Pacific  air*oaa  st«idy.  wa  cootiauad 
our  dovalopsMHat  aad  application  of  aa 
apuatorial  oeaaa  aodal  with  awhaddad 
•iaad  layer  phyaiea.  Thia  oodal  waa 
used  to  aaploro  tha  dynas^ca  of  tha 
oeaaa' a  raapoaaa  to  aynoptically 
vorytap  NCXahPS  wlada  durinp  1991* 
1993.  Thia  aodallap  affort  waa 
coadhietad  in  col lahorat ion  with  Prof. 
S.  Oarwood  and  Ms  A.  Quest.  Tha 
swdal  raauita  showed  sawarsl  m»Jor 
varistions  in  the  ocaan  circulation 
whoa  aoasonally  varytnp  wind  strassaa 
worn  raplaead  with  aynoptically 
varyinp  onaa.  Thaaa  differaneas 


oeeurrad  in  both  saall  scala,  high 
fropuaaey  faaturas  aad  la  tha  larga 
acala.  slowly  warylnp  flow.  Xa  our 
studiaa  of  tropical  waathar  aystaas. 
wa  coaparad  tha  apaetral 
charaetaristles  of  tropical  synoptic 
(5*day)  disturbaacaa  cootalaod  la 
waatara  Pacific  radiosoada 
obaarvatlons  «rith  the  Initial 
analysis  snd  49  h  foracsst  of  tha 
Navy's  oparational  global  nodal 
during  the  wiatar  of  1991*1992.  Tba 
powar  spectra  of  tha  analysis  agreed 
raaaoaably  wall  with  tha 
obaarvatlons.  but  tha  foraeaat  showed 
larger  differaneas.  Tha  westward 
propagating  horisootal  struetura 
obaarvad  in  tba  v  fluctuations  waa 
wall  rapraaaatad  ia  both  tha  aaalysis 
aad  tha  foraeaat.  although  they 
tandad  to  proAteo  a  higher  spatial 
eohoroney  thaa  that  dataminad  fron 
tha  ohaarvatiooa . 

Tha  ohaarvod  vertical  struetura  had  a 
vary  snail  low*  level  tilt  ia  the 
aaatotn  region  aad  a  aastward  tilt 
throughout  the  tropoaphoro  ia  tha 
wastam  ragieo.  This  eontraatad 
sharply  with  tha  typical  auanar 
acruetura  ohaarvod  provloualy.  Thia 
eootraat  woe  eonaiataat  with  tha 
aaaaooal  dtffarooea  ia  vertical 
naan ♦wind  ahaar .  Tha  aast*wast 
variatloa  of  the  vortical  struetura 
waa  raproducad  by  tha  aaalyala.  but 
tha  foraeaat  struetura  had  a  woaJtar 
vortical  organitatioe  over  areas 
whara  a  wall -organl tad  struetura  waa 
obaarvad.  and  a  atroogar  orgaaicatton 
to  tho  west  where  it  waa  not 
obaarvad.  It  appaara  that  tha 
nodal* a  dynanica  produced  a 
downatraan  propagation  that  raaultad 
to  aa  artificial  wava  struetura. 

PtMKJtCKTTOMii  Oalaro.  Murphraa, 
T.  .  aad  Ooaraa.  J.,  *ll^id 
Talaeooaactioaa  Aaaociatad  with 
Individual  Tropical  Cyclotuia,* 
Calitomia  Watat  kopoutcas  lullptla. 
forthconiap. 
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Clmng,  C.'V.  and  Zaabrasky.  L., 
"ObMrvad  and  Navy  Oparaticmal  Ctlobal 
Nodnl  Cliaatologiaa  of  Synoptic 
Diaturbaneaa  Ovar  tha  Tropical 
Nastara  Pacific  During  Mintar  ItSl- 
19»3,*  KPS  Tachnical  Naport  NPS-IOI- 
§3-003,  19§3. 

T..  *Satallita  Obaarvationa  of  tha 
■volution  and  Zapacta  of  tba  1§§1- 
1§§3  11  Niflo. *  Tanth  Annual  Pacific 
CliMta  MorkalMp.  Pacific  (to’ova.  CA. 
April  1§93. 

Oalaro.  ■.  and  Murpturaa.  T.. 
*Talacoaaactiotta  Aaaociatad  with 
Individual  Tropical  Cyclonaa.*  TantA 
Annual  Pacific  Cliaata  MorAahop. 
Pacific  Orova,  CA,  April  1993. 

NurpAraa.  T.  and  SootAa,  M.. 
*Satallita  Obaarvationa  of  Synoptic 
Talaconaactiona. *  XVIXX  Oanaral 
AaaaaiAly  of  tAa  auropaan  OaopAyaleal 
■ociaty.  NiaaAadan.  Oamany.  May 
1993. 

NUrpAraa,  T.  and  Oalaro.  1.. 
*Talac«nna«tiooa  Aaaociatad  vitA 
Individual  Tropical  Cyclonaa.*  XVtXX 
Oanaral  AaaanAly  of  tAa  luropaan 
OaopAyaleal  Society.  NiaaAadan. 
Oarnawy .  May  1991. 

MttrpAraa,  T. .  Oalaro,  S..  Cooper.  O.. 
and  Kant..  J. .  *Tropiaal  Cyclone 
forcing  of  tAa  iquatorial  Pacific 
ocean  During  tAa  1991-1993  U  NiAo.* 
NintA  Confaraaca  on  AtaoapAaric  and 
Oceanic  Mavaa  and  StaAility.  San 
Antonio,  TX.  May  1991. 

MttrpAraa,  T.,  Oalaro.  N..  MaitA,  M.. 
and  Saynolda.  C..  *Xatraaaaaoaal 
SalationaAipa  tatvaan  Individual 
Widlatituda  <fata  and  OloAal  Tropical 
■eating, *  TuantiatA  Confaraaca  on 
■ttrricanaa  and  Tropical  Meteorology. 
San  Antonio,  TX.  May  1993. 


Oalaro.  K..  MurpAraa.  T.,  Ooaraa.  J., 
and  Millar,  ■.,  "Rapid 
Talaconnactiona  Aaaociatad  with 

Individual  Tropical  Cyclonaa,* 
TwantiatA  Confaraaca  on  Murricaaaa 
and  Tropical  Mataorology,  San 

Antonio,  TX,  May  1993. 

MurpAraa,  T.,  ■TypAoona  and 
Talaconnactiona,*  invited  aaninar, 
Clinata  Aaalyaia  Cmtar,  Maahington, 
DC,  June  1993. 

MurpAraa.  T.,  "Synoptic  Tala- 

connactiona, *  invited  aaninar, 
Climta  Aaalyaia  Canter,  Maahington. 
DC.  Juaa  1993. 

"Spectral  Aaalyaia  of  Synoptic  Tina 
Scale  Diattirbancaa  Ovar  the  Tropical 
Saatam  Pacific  muring  SuMor  19S9, 
1990.  and  1991,"  Maatar'a  TAaala, 
March  1993. 

Kant.  •!..  "Air-Saa  Xataraetlon 

Pattama  in  the  Bguatorlal  Pacific." 
Maatar'a  Utaaia.  DacanAar  1993. 

■addle.  C..  "The  Sffact  of  ■aatarly 
Mind  Surata  on  a  Tropical  Ocean 

Oanaral  Circulation  Modal. *  Maatar'a 
TAaaia.  DacanAar  1993. 

Moll.  s..  "Short  Tam  Taia- 

eoonaetiona  Aaaociatad  With  an 

Individual  Tropical  Cyclona," 

Maatar'a  TAaaia.  Daeanbar  1993. 

OIMIMi  Oalaro.  t.  and  MurpAraa.  T. 
*  Xotraaaaacnal  Variationa  in  Tropical 
■atratropieal  Talaoonnactian 
MacAaniana."  aubadttad  to  Journal  of 
tba  AtMPsaAatlc  lolaMsaa.  July  1993. 

MttrpAraa.  T.,  Oalaro.  ■.,  Kant,  J., 
and  Ooopar,  O.,  "Zntaractiona  Satuaan 
Tropical  Cyclonaa  and  Oeaan  Kalvla 
Mavaa  During  tha  1991-1993  SI  MiAo," 
to  ba  aubnittad  to  tha  Journal  of 
OaoplPfSical  RaaaarcA.  May  1994. 


356 


Warphr—,  T.,  Oalaro,  *...  itoll,  8., 
•ad  Qo«xa«,  J.,  *Talaconaaetimia 
*aao«latad  with  Zadividual  Tropical 
Cyeloaaa,"  to  bo  aabaittad  to  Journal 

ftl _ th#  Ikttwrolwrtff _ lfiis&ssi>  M*y 

18»9. 

Mturphroo.  T..  and  Bootba.  H.. 
*8atalllta  Otoaaxrvatloaa  of  tynoptie 
Talacoaaaetloaa.  18fl-1893.*  10 

•lauta  vidao. 


DOO  nr  TWCWKMMW  ABAt  BnrlroB- 
aaatal  lf£aeta<  Buaaa-SyataM 
Zntarf aeaa . 

unnKMMt  Cliaata  Chaaga,  aiobal 
Ataoaphara,  Tropical  Oeaaa,  Air-Saa 
Zataractioa,  Tropical  Cycleaaa, 
targO'Scala  Wairaa,  Jmtm,  (^j^aratioaal 
Aaalyaaa,  Tradictioa  tyataaa. 
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msoftTAM  X  armgnqjf  grrong 

W.A.  VusB  ^aoeiat*  ProfMaor 
D«part»ent  of  Motooxology 
Spcmaor  and  Ftmdingi  Offiea  of  Kaval  loaoareh 


OKISCTXmt  TIm  pximmty  loag*t«ra 
goal  of  fchl*  oagoing  project  i«  to 
uadorataad  how  Maoacolo  •••  •urfaeo 
toaporaturo  faaturaa  intaraet  with 
dawaloplag  aynoptie-seala  cyelooaa. 
Aa  aaaoelatad  sacoa4ary  goal  la  to 
produce  Coraeaat  criteria  that 
iatfieata  whoa  atr<mg  iataraetioa  will 
occur  to  aid  ia  forecaatiag 
cyelogmaaia  at  eaa.  The  objectives 
duriag  fYSl  were  to  write  a 
deacriptioa  of  the  lOf  2  cyeloae  aad 
prepare  three •diaaaaioaal  aaalyoea 
for  uae  ia  auaerical  aodel  studies. 

■OMant  Ouriag  rtfl  the  SMSOScale 
aaalyaea  of  the  mCA  XOfl  cycloae 
wore  used  to  write  a  deseriptioa  of 
the  detailed  evolutioo  of  this 
cyeloae  aad  the  associated  sir-sea 
iataraetioa.  This  study  has  fouad 
that  the  bouadary  layer  aad  surface 
iataraetioa  duriag  the  1092 
cyelogeaesis  eoatributed 
sigaificaatly  to  the  iaitial 
cyelogeaesis  through  9SL 
froatogeaesis  aad  eoatiaually  forced 
the  wan  froatal  regioa  of  the 
cycloae  throughout  its  life  cycle. 
The  pattera  of  surface  heat  fluxes 
prior  to  cyelogeaesis  rapidly 
established  s  bouadary  layer  freat 
sloag  the  aorth  wall  of  the  Ailf 
•tressi.  The  subeegueat  iaitial 
cyelogeaesis  occurred  ia  e  regioa 
where  the  surtsce  heat  flux  was  a 
— — ■«— p-  sloag  this  froat  aad  where 
eoawsctioa  was  possibly  beiag  forced 
by  these  stroag  fluxes. 
Zaterestiagly  this  pattera  of  stroag 
heatiag  elmtg  the  wan  froat  aad  ia 
the  wen  sector  was  fouad  to  persist 
through  SHch  of  the  cyelogeaesis.  «e 
hypothesise  that  this  heatiag  pattera 
eoatributed  sigaificaatly  to  the 
coawectioa  aleag  the  wen  froat  aad 


probably  was  iaportaat  to  the  overall 
develnpasnt  of  the  cyeloae.  Three- 
diaensioaal  aaalyses  were  geaerated 
usiag  aultiguadric  iaterpolatloa  to 
begia  testiag  the  eoatributioa  of  the 
surface  fluxes  to  the  structure  aad 
evolutioa  of  the  cycloae. 


WLTChTia»t  hleck,  R.,  Rluesteia, 

L. .  Roaart.  V. ,  Sraekea,  V.  S., 
Carlsoa.  T. ,  Chspsisn,  J. ,  Olcklaeea, 

M. .  Oyahur  7.  R.,  Rakia.  O., 

Hof  faaa,  ‘  wtderiaa,  B. .  Keyser, 

D..  Lack*.  O..  Maas,  H.  b., 
Roebber.  9.,  Schults,  0.,  tyle,  R., 
•aadars.  9..  sad  Sweek,  9.,  la 
9roceediags  of  the  Bighth  Cyeloae 
Workshop  Rcieatifr.  Ruawery,  Val 
Maria,  Ouabee,  Caaada,  ll-*<  Oct'«ber 


1992, 


r,  Pol.  74.  MO- 


7,  pp.  1)41-1172,  July  1991. 


UIHHBt  Two  other  asawscripts  are 
aearly  coeplete  for  siMalssioa  ia  the 
Bear  future. 


MUSS,  w.  A.  aad  Oorooh,  A., 
*Cootributioe  of  Air-sea  Xateraetloa 
to  the  Oeaeals  of  the  IHZCA  Z09  2 
Cycloae.*  ia  preparatiea  for 


subaissioa  to 


Miss,  w.  A.,  *The  If  facts  of  Wiad- 
geaersted  Rurfaee  Waves  oa  the 
•iaiulatioa  of  a  Hariae  Cycloae,*  ia 
preparstioo  for  subaissioa  to 


wuss,  w.  A.,  "Three  Diasasioaal 
Meteorological  Aaalysis  usiag  Multi- 
Quadric  Iaterpolatloa,*  to  appear  ia 


351 


Kuo,  l.-C.  maA  mtmm,  «.  K..  ■»- 

yractorm  am  m  Olagnoatie  Tool  for 
flyaoptio'oeolo  Clreulatioaa.  * 

mornitfA  to  MnntMY  Wttthw  Btriia- 

OOO  SST  rSCSBOUMT  AMBAt 
■anrlroaMotal  If  facta. 

WIIWBI*  Marlaa  Cyclogaaaaia.  Air> 
aaa  lataraetlca,  Cycloaa  foraeaatiao. 


ijttMi  Frof4 
of  Mif  orology 


It  Tha  crvarall  objaetlaaa 
of  tlla  grojaot  ara  to  doeoMoat  tha 
occarraaca  aad  aaolatlaa  of 
eoaatal  aataerolagleal 
aleai  tha  Callforala  eoaat  aad  to 
tha  garfaraaaaa  of  ayaogtic* 
aoala  ogaratloaal  aowurical  foraoaat 
oodala  ia  gradlatlat  thaa# 
ha  part  of  tha  awaaiaatioa  of 
oparatloaal  oodal  parfotaaaea.  thia 
atady  aiao  to  idaatlfy  charactariatlo 
ayaoptlC' aoala  alpaataraa  aaaoo&atad 
with  varioaa  aaaoaoala  eoaatal 
f aataraa . 


t  tha 


rt  TO 

»latiea  of  aaooaoala  eoaatal 
mlam§  tho  Callforala  eoaat, 
ra  aoda  to  aehaaoa  tho 
ehaarratloaal  aataork 
throai^i  drlftlaf  haey  aaaaaraaoata . 
Oarlap  Iff),  drlftlap  haeya  ware 
Idaatlflad  f«ar  thla  parpoaa  aad  tha 
parehaaa  of  10  aaeh  haoya  aaa 
laltlatad.  eoaatal  aaalyala  aoftaara 
haa  haaa  doaalopad  aad  taatad  oalag 
aalatlag  data  aoarcaa.  frallalaary 
ilyala  aiq>ariaaata  harva  Idaatlflad 


a  aultlpla  paaa  aaltlgoadrie  aaalyala 
aathod  that  eaa  poaalhly  ha  aaad  to 
aaparata  tha  ayaeptle>  aoala  atraetara 
froa  tha  aaaoaoala  ooaatal  atrootora. 
Tha  aultlpla  paaa  aultlpoadrie 
aaalyala  eeaalata  of  delag 
larga«aoala  aaalyala  ahloh  la 
aohtraotad  off  of  aa 
aultlguadrie  aaalyala  to  Idaatlfy 
Bala  parturbatloaa . 


eaao  atudy  of 
offaota. 


m.  h.,  'lahaaeod  Coaatal  Wiada 
la  Adraaoo  of  a  Cold  froat  floag  tho 
Callferala  Oeaat,*  la  praparatloa 
for  aulialaalea  to 


la  hatnp  praparad  for 
riagt  tha  Molyala  of  a 
Btal 


It  Coaatal 
Ooaatal  yoroeaatlag. 
If facta. 


itaorology. 


•  _  I  « ■ »  \  fit 


f  Tl*i.*J 


>♦  ?» 


m  MIP  JtfftTfTffTff  I 
W.A.  Nu«««  Jbi«ooi*t«  ProfMsor 
P.A.  BlrsclibMrg,  Mmmmmxch  Mmmimtmnt  ProfMsor 
C.B.  Huh.  Frolmmmor 
DffpartaMttt  of  Motoorology 
SpoiMor  and  Poodliigi  Offieo  of  Kaval  Eoaoarch 


QKnCTXVnt  TiM  prlMry  obj«ctlY«s 
of  tlii*  projoet  oro  to  dovolop  • 
doaoaatrotloa  Maooeolo  otsoopliorie 
•ad  oeoaaie  obsorviag  aotoork  for  tlio 
Moatoroy  Baiy  aad  to  •••iat  tha 
OaiYoraity  of  California,  laata  Crua 
ia  davolopiap  eoaputar  aoftwara  to 
■anapa  aad  diaplay  thaaa  data.  Tha 
priaeipla  aciaatifie  objaetiva  of 
thla  aaaoaeala  obaarviap  aataork  ia 
to  atudy  tha  tbraa-dlaanaional 
iataraetioa  of  tha  Mootaray  lay 
•aa'braasa  with  tha  eoaiplaa 
topopraphy  of  tha  rapioa.  A 
•aoMdary  objaetiva  of  thia  projaet 
ia  to  davalop  data  aaaiailatioa  aad 
•edaliap  tachaipuaa  for  uaa  ia  tha 
aaalyaia  aad  viaualiaatioa  of 
•aa-braaaa  eireulatioaa  ia  tha 
Moataray  hay  rapimi. 

POMUni  Coaaidatrabla  propraaa  haa 
baaa  aada  duriap  IffJ  ia  dawalopiap  a 
aaaoaoala  obaarwiap  aatwork  for  tha 
Moataray  Say.  Arraapaaaata  hawa  baaa 
aada  to  obtaia  obaarwatioaa  froo 
othar  local  apaaciaa  that  taka 
aataorolopieal  obaarwatioaa .  Tha 
California  Oapartaaot  of  foraatry  haa 
baeooa  a  aaabar  of  tha  aaaoaeala 
obaarwinp  aatwork  by  prowidiap  data 
freai  thair  SO  plua  atatioaa  owar  tha 
aatira  atata.  Tha  Moataray  Say 
Obifiad  hlr  follotioa  Control 
Oiatriet  haa  apraad  to  bacoaa  oMaibara 
of  tha  aatwork  with  thair  atatioaa 
aad  arraapaaaata  hawa  baaa  aada  to 
eoaaact  thaai  wia  IMTSSMST  to  MSS. 
ArraapaaMota  hawa  baaa  aada  with  tha 
NOh*  Sawironaaatal  Tachaolopy 
Laboratory  to  awpply  thraa  flS  Mil 
wind  profilara.  a  dopplar  tCSMUI.  aad 


aoooatatie  SOOhSa  aa  naadad  for  aa 
iataaaiwa  obaarriap  pariod  duriap  tha 
auaaaar  of  lfS4.  Obaarwiap  atatioaa  of 
MSJUU.  oese  aad  tha  Mawal 
Soatpraduata  School  hawa  baaa  aithar 
dowalopad  or  broupht  lato  tha 
aatwork.  Oonaultiap  adwiaa  oa  tha 
diaplay  aad  uaa  of  aataorolopieal 
data  haa  baaa  prewidad  to  tha 
Dhiwaraity  of  California.  Santa  Crwi 
aa  aaadad  throuph  aaatiapa  with  thair 
eoaputar  aeiaatiata  aad  by  ahariap 
our  eoa^tar  propraaa  aad  data  aata 
with  than.  Tha  work  oa  tha  aodaliap 
and  data  aaaiailatioa  haa  iaeludad 
obtaiaiap  a  waraioa  of  tha  MSL/fMOC 
rapioaal  ataoapharie  aodal.  HOSASS. 
for  uaa  ia  thia  projaet.  Tha  aodal 
haa  baaa  adaptad  to  rxm  on  tha  MSS 
Cray  eonputar  aad  plaaa  for  tha 
dawalnpaiot  of  tha  data  aaaiallatioo 
hawa  baaa  outliaad. 

SPMLXCSTXOHMi  Moatay,  S.A..  Paroia- 
Luaa,  J.J.,  Kolaky,  S.J..  Loop. 
D . D . B . •  Saap  *  A • T . .  Soaaa.  B .C . . 
Taap.  C..  Moatapua,  S.S.,  Abraa* 
M.O..  Macy,  M.M..  orittoa.  S.S.. 
Ihiaa,  M.A..  aad  Saduaa.  J..  •SMXMASi 
Saal'tiaa  towirooiMatal  Xaforaatioa 
Matwork  and  Aaalyaia  Syataai  Shaaa  ZX 
SapuircMata  Oaf  iaitioa.  ■  Obiwaraity 
of  California.  Saata  Crua.  Ooapotar 
Saaaareh  Laboratory  Taebaieal  lU^rt. 
Iff). 

Software.  Sawironaaatal  Bffaeta. 

UlMUauPi  Saa>braaia,  Tiaualiaatioa. 
Data  Aaaiailatioa. 
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P.M.  Paul«y,  B«s««reh  Jkaslatant  ProfMSor 
B.L.  BiUMy«  Qukixmmn  it  ProfMSor 
Dt^mxtmmnt  of  Motoorology 
Sponsor  and  Funding!  KaraX  Poatgraduata  School 


OaOVCTXVSi  thm  goal  of  tbo  propoaad  tlMaa  Fouriar  aanlitudas  to  tha 

raaaareh  waa  to  invaatlgata  tha  aaplltuda  of  tiw  input  wava  than 

^aotral  rasponaa  bahavior  of  tha  dafinaa  tha  raaponaa.  haaponaaa  for 

Baraaa  objactiva  aaalyala  aebaaa  for  tha  tan  raallsatloaa  for  a  glTWi 

randoa  aonunifom  data  diatributlona.  dagraa  of  nrniunl formity  (o)  tiara 

avaragad  to  yiald  tha  aaaa  raaponaa. 

■OHUnTt  Thia  raaaareh  ia  an  axtan* 

aloa  of  pravioua  work  that  axanlnad  Kaaulta  ahow  that  tha  naan  apaetral 

tha  apaetral  raaponaa  of  tha  bamaa  raaponaa  at  tha  Ij^ut  wavalangth  waa 

objaetiva  analyaia  achaaM  for  uniform  aimilar  to  tha  raaponaa  for  tha 

data  diatributiona .  Zn  tha  praaant  uniform  data  diatribution,  with  aoma 

raaaareh.  tha  uniform  (aguara  maah)  dagradation  aaaa  for  largar  dagraaa 

data  diatributioo  uaad  by  Paulay  and  of  aonuni formity.  Tha  moat  atrikiag 

Nu  (ItfO)  waa  parturbad  by  adding  a  diffarmeaa  wara  aaan  in  what  Paulay 

normally  diatributad  raadeai  dia*  and  Wu  (1990)  rafarrad  to  aa  tha 

plaoaauot  to  aaeh  location.  Tha  da>  aliaaing  raaponaa.  Parturbing  tha 

graa  of  nonuni f ormi ty  of  tha  raault*  data  diatribution  aarvad  to  daeraaaa 

ing  data  diatributioo  waa  ecmtrollad  tha  raaponaa  at  tba  primary  aliaaad 

by  aarying  tha  atandard  daviation  (e)  waaalaagth  idantifiad  by  Paulay  and 

uaad  to  ganarata  tha  normally  Wu  (1990) .  Sowavar.  aliaaing 

diatributad  random  numbara.  for  aaeh  i^ppaarad  at  a  broad  ranga  of  otbar 

9  valua  uaad.  tan  diffaraat  raalita*  wawalangtha  aa  tba  data  diatributioo 

tiooa  of  random  diaplaeamanta  wara  baeama  aora  neoanifoca.  Tharafora. 

ganaratad  ao  that  raaulta  would  not  arrora  in  tha  analyaia  manifaatad 

ba  dapandant  on  a  givan  raalisation.  thamaalvaa  by  introducing  wawalangtha 

net  praaant  ia  tba  original  data. 

Onoa  tba  nonuniform  data  diatribu* 

tiona  wara  datarmiaad.  a  gamaa  triWlBi  A  manuaeript  ia  baing 

analyaia  waa  par  formed  for  aaeh.  with  praparad  for  aubmiaaioo  to 

tba  data  apaeifiad  aeeording  to  a  Waathar  bariaif.  a  rafaraad  jourmal  of 

ona-dimanaional  aonochromatie  aina  or  tba  Aaariean  ■ataorologieal  doeiaty. 

eoaina  wawa  at  a  ranga  of  wawa¬ 
langtha.  A  two-dtmanaional  Pouriar  SOD  IST  TKWKOUOQt  ABSht  Othar. 

analyaia  waa  than  parformad  on  tha 

output  from  tha  lamaa  analyaia  to  UIWOMDgt  Ohjaetiwa  Analyaia. 

datarmlna  tha  Pouriar  aaplitudaa  Nonuniform  Data  Diatril»utioa, 

praaant  ia  tba  analyaia  fialda  at  Ppaotral  Raaponaa. 

warioua  wawalangtha.  Tba  ratio  of 
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TjmSaOhhnOK  TO  DPICT  IOSOSCMsK  vbbkmeka 
P.M.  Paulay.  Rasaarch  Aasiatant  Profaaaor 
Dapartaant  of  Mataorology 

Sponsor  and  Fimdlngt  Naval  Rasaarch  Laboratory-Montaray 


OSJSCTXVIi  TIm  goal  of  this  rasaarch 
was  to  Inwaatigata  tha  ability  of  tha 
Navy's  MVOX  analysis  systaa  to 
portray  tha  jat  straaks  and 
assoeiatad  circulations  prasant  in 
tha  HovaadMr  1991  "Z-S*  casa. 

SONHMRs  This  rasaarch  is  part  of  an 
oagoing  project  to  invastigata  tha 
ability  of  tha  Navy's  MVOX  analysis 
to  aeeurataly  portray  jat  straak 
bahavior.  Tha  efforts  in  PY93  ware 
focused  on  developing  and  iapla- 
awnting  coda  to  cosputa  vertical  mo¬ 
tion  and  vertical  circulation 
diagnostics.  Tha  latter  was  proposed 
by  Kaysar  at  al.  (19t9)  to  isolate 
tha  divergent  agaostrophic  wind 
associated  with  a  given  vertical 
notion  field  and  to  view  tha 
agaostrophic  vertical  circulation  in 
any  arbitrary  plana. 

Tha  Nnvasbsr  1991  *Z'5*  case  was 
ohosm  for  this  work  because  of  tha 
vary  strong  jat  straaks  located  over 
tha  Bastam  Pacific  and  Haatam  North 
kswrica.  This  casa  bad  strong 
surface  winds  lata  la  tha  study 
period  that  lad  to  a  dust  atom  in 
California's  fan  Joaguin  Valley  and  a 
eonsaguant  chain  collision  on  X-S 
involving  over  100  vahiclas.  Such  a 
ease  provides  a  stringent  test  of  an 
analysis  aystas  tor  two  reasons s 
first,  tha  jat  streaks  ware  located 
over  tha  data>sparsa  Bastam  Pacific 
during  tha  early  part  of  tha  study 
period  and  so  ware  not  wall  observed, 
and  second,  tha  jat  straaks  ware  so 
strong  that  ratrinsonda  winds  ware  not 
available  in  tha  upper  tropoephara 
even  whm  tha  features  had  propagated 
over  land.  Results  showed  that  sig¬ 
nificant  agaostrophic  winds  ware 
prasant  at  seat  analysis  tisMS. 


except  OOOOZ  30  Movanbar.  ht  this 
tisM.  winds  at  jat  level  ware  weaker 
and  nora  gaostrophlc.  reflecting  tha 
loss  of  rawinsonda  wind  observations. 

Strong  dotmward  notions  ware  present 
hara  as  wall,  suggesting  tha  posaihla 
influence  of  a  tropopausa  fold 
associated  with  a  strong  shortwave 
aloft.  future  work  will  awsnina 
analysis  fields  for  tha  prasanea  of 
such  a  structure. 

Ongoing  work  is  svsnilning  tha 
vertical  circulation  calculations  and 
c<mstructiag  vertical  cross-sections 
to  further  invastigata  tha  jat  straak 
structures  and  tha  degree  to  which 
tha  analysis  has  sceurstaly  depleted 
than.  Regional  nodal  forecasts  for 
this  ease  are  also  being  run  at  HBZ< 
to  axanina  tha  affect  of  Ineludlag 
kCkRf  wind  observations.  Once  the 
nodal  forecasts  are  available,  tha 
vertical  notion  and  vertical 
circulation  diagnostics  will  be 
applied  to  tha  nodal  datasets  to 
further  investigate  tha  influence  of 
the  ACkRB  data  on  tha  parfomanea  of 
tha  analysis. 

cri'BBBi  An  abstract  (eoauthorad  with 
B.  Barker  and  N.  Baker  of  HBL)  has 
bean  subnittad  for  tha  gpeonlng  AMB 
NvaMrical  Waathar  Prediction  oonfar- 
anca.  to  be  bald  this  suanar  in  Port¬ 
land.  OR.  Both  a  confaranca  preprint 
article  and  a  nsmiscript  for 
publication  in  a  rafaraad  journal  are 
planned  for  rT94. 

roanantal  affects. 
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KBnRMMt  Obj*otlv«  A&alysla.  J«t 
•trMiUi,  Agaoatr^^e  Cireulatlona, 
Varfeieal  Motioa. 
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ZMommim  qt  hhtimt  mffiPff  or  nonoAh  ctcmo  romc&ar 

M.S.  P«ng«  KMMToh  Aaaociat*  Prof  •■■or 
PepartTont  of  ltot«orology 
Sponaor  ■ad  Fundlngi  Kavml  R«a«mrch  Laboratory 


OancrrVBi  to  study  ths  lapsct  of 
iacorporsting  88M/Z  sstlutsd 
ralnfsll  rsts  on  ths  topics!  cyelons 
forsesst . 

aaaOUnrt  Ths  SSM/X  sstlastsd  rslnfsll 
rstss  wsrs  sssiailstsd  in  ths  Msvsl 
Issssreh  Lsborstory  linitsd>srss 
nusMriesl  prsdietion  sodsl  to  isprovs 
ths  initial  analysis  and  prediction 
of  tropical  cyclonss.  Typhoon  Flo  of 
1990.  which  was  obssrvsd  in  Xntanss 
Observation  Fsriods  (XOF)  S.  6,  and  1 
of  ths  Tropical  Cyelons  Motion 
layer insnt- 1990  (TCM-90).  was  ehosM 
for  this  study.  Ths  tlM/X  sstiatatsd 
rainfall  rates  wss  incorporated  into 
ths  analysis/prsdietion  by  two 
different  asaiailation  sMthods.  Ths 
first  SMthod  was  based  on  a  dynamic 
initialisation  in  which  ths 
prediction  aodsl  is  intsgratsd 
bsckwsrd  in  tias  adiabatieally  for  C 
h  and  then  forward  for  <  h  to  reach 
the  initial  tisM.  Durinp  the 
pre* forecast.  diabetic  forward 
integration.  the  latent  heating 
function  in  the  Kuo  ouaeulua 
peresieterisation  was  replaced  by  a 
value  that  was  consistent  with  the 
retrieved  rainfall  rate.  The  second 
nethod  wee  s  straight  forward  in  tine 


assimilation  idiere  integration  starts 
12  h  or  24  h  prior  to  the  initial 
time.  During  the  pre* forecast 
integration  the  88M/Z  rainfall  rate 
was  incorporated  by  a  reversed 
paraamterisation  of  the  Kuo  sebsms . 
Xn  addition,  the  momentum  fields  were 
also  relaxed  to  the  initial  analysis. 
For  five  different  forecasts 
Signer  1  nan ts  tested  for  Typhoon  Flo, 
inproved  intensity  and  track 
predictions  were  resulted  when  the 
88M/Z  retrieved  rainfall  rates  were 
aesisdlated  with  either  of  the  two 
methods. 

"Iffect  of  Sm/X  lainfall  late  on  the 
Tropical  Cyclone  Forecast,” 
Conference  on  Meather  Analysis  and 
Forecasting,  Taipei,  Taiwan,  1*5  May 
199). 

OOO  XSr  TMCBMOUKiri  tevlrowmsntel 
If facts. 

UTMQWWt  lainfall  letes.  Forecasts, 

Tropical  Cyclone  Motion. 
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pmLOPimfT  OF  TBE  ■nmtopqOTitM  to  yoMecAgTUW  COTOSl 

C.H.  Waali,  Prof  •■•or 
F.R.  WllliaMf  Sasalor  L«ctur« 

D<qpartmant  of  MOtoorology 
Spoiuior  and  Funding:  Haval  OcMunographlc  Offlco, 
Stennis  Spmc*  C«nt«r«  MS 


oajacxzvit  Th«  goal  of  thla  pro j  act 
la  to  raviaa  and  updata  tha 
rOMCASTXllO  fOK  THX  MZD-UkTZTUDSS 
eouraa  currently  uaad  by  tha  Naval 
Ocaanographle  Office  and  Naval 
Oeaanography  CcaaMnd  to  train 
anliatad  and  junior  officer 
foraoaatara. 

SVMKUnri  Tha  new  eouraa  waa 
eoavlatad  and  delivered  to  tha 
aponaor.  tha  Naval  Oceanographic 
Office.  NF8  wrote  four  voluaea  of 
foreeaater  inatruetion  and  ecapleted 
a  chart  book  for  atudent  axerciaea. 
Pour  caae  atudiea  of  eaat  eoaat 
eyelogeneaia  over  North  JUMriea  and 
haia  plua  a  frontal  caae  atudy  for 
the  eaatem  Onited  Statea  tfora 
utiliaed  in  the  forecaat  voluaea. 
The  eourae  ia  now  being  teated  by 
Naval  Meteorology  and  Oceanography 
Coaaaad  forecaat  centera. 

•onacaknoni  Williaaa.  r.«  .,  Maah. 
C.  N. ,  and  Jordan,  M.f..  "Ataoapheric 
Analyaia  for  rorecaating. "  Vol.  3  of 
the  Courae  ZlfTSOOOCTZON  TO 
rOASCAlTXNO.  nroc  so-ir-oooa.  Naval 
Oceaaogri^hio  Office,  p.  14t, 
•epteariber  If §3 . 

Naah,  C.N.,  Williaaa  f.K.,  and 
Jordan,  M.8..  "Nuaerieal  Weather 
fredietion  and  fteaMte  fenaing  for 
forecaating, *  Vol.  3  of  the  Courae 


INTRODUCTION  TO  rORNCASTZNO.  MITOC 
50-1P-0002.  Naval  Oceanographic 
Office,  126pp,  Septaaber  1993. 

Williaaa,  r.R.,  Waah,  C.H.,  and 
Jordan,  M.8.,  "Weather  Syateaa  -  A 
Foundation  for  Forecaating, "  Voluae  4 
of  the  Courae  INTRODUCTZOM  TO 
FORSCASTZNO,  MITOC  S0<lF-0002,  Naval 
Oceanographic  Office,  p.  109, 
8epte^t>er  1993. 

Waah,  C.H.,  Williaaa,  F.R.,  and 
Jordan,  M.8.,  "Forecaat  Charta  and 
Forecaating  Weather  llaaanta,  "  Voluae 
5  of  the  Courae  ZMTRODOCTIOM  TO 
FORICASTim,  MITOC  50-1F-0002,  Naval 
Oceanographic  Office,  p.  165, 
Septaaber  1993. 

Waah,  C.I.,  Williaaa,  F.R.,  and 
Jordan,  M.S.,  "Chart  Book  and  Final 
Ixaa, "  Vol .  6  of  the  Courae 
IMTROPOCTIOM  TO  F<»ICA8TZM0,  MITOC 
50-1F-0003,  Naval  Oceanographic 
Office,  p.  95,  Septaaber  1993. 


ital  Iffeeta. 


Inviron- 


IIIMOaiWt  weather  Forecaating, 
Meteorological  AiMlyaia,  Raaote 
Senaing,  Ixtra* tropical  Cyclone 
Fronta.  Meteorological  Satellitea, 
Nuaerical  Weather  Fredietion, 
Doppler,  Radar. 
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RKGIOMAL  SYMOPTIC  FORECASTIMG  (PHILIPPIMKS) 

F.R.  WllllamB,  Adjunct  Professor 
Department  of  Meteorology 
Sponsor:  Naval  Research  Laboratory,  MOnterey 
Funding:  Naval  Postgraduate  School  and  NRL -Monterey 


OBJBCTXVS:  A  continuing  project  to 
produce  handbooks  describing  the 
analysis  and  forecasting  of 
atsMspheric  and  oceanic  conditions 
inportant  to  air/sea  operations  over 
key  areas  of  interest  to  the  Navy. 
In  particular,  the  handbooks  contain 
case  studies  providing  newly  arriving 
naval  personnel  with  examples  of  the 
accuracy  of  the  Navy  Operational 
Global  Atstospheric  Prediction  System 
(NOOAPS)  in  the  area.  The  current 
handbook  covers  the  Philippine 
Islands  and  surrotinding  waters. 

80MIABT:  The  analysis  and 
forecasting  of  ata»spharic  and 
oceanic  conditions  important  to 
air/sea  operations  in  the  Philippine 
Islands  area  ware  described.  The 
covered  area  included  the  islands  • 
Luzon,  the  Visayas  (the  central 
islands)  and  Mindanao  •  from  4.7°N  to 
21.5°N  and  from  117°B  to  127°B;  and 
the  Philippine  Sea,  Luzon  Strait, 
South  China  Sea  and  Sulu  Sea. 
■laetroaagnetic  conditions  incl'Hing 
standard  and  anoaulous  propagation  in 
ducts,  plus  seasonal  climatologies  of 
the  southwest  and  northeast  monsoons 
and  tradewind  regime  were  presented. 
Oceanographic  parameters  for  the  four 
surrounding  ocean  areas  were  in¬ 


cluded.  Appendices  provided 
additional  climatologies,  a  tropical 
cyclone  characteristic  study, 
climatic  normals  for  60  Philippine 
stations,  euid  percent  frequencies  of 
wave  heights.  Five  cane  studies 
examined  the  current  accuracy  of  the 
NOGAPS  model  analyses  and  prognoses. 
Tropical  cyclone  bulletins  issues  by 
the  Joint  Typhoon  Warning  Center, 
Guam,  ware  identified  and  described; 
forecast  philosophies  ware  discussed. 
Interaction  of  Typhoon  Vunya  and  the 
eruption  of  Mount  Pinatubo  volcano  in 
June  1991  was  described,  and  the 
dangers  posed  to  aviation  by  volcanic 
ash  ware  discussed. 

POBLICATIQRS:  Williams,  F.R.,  Jung, 
G.H.,  and  Bnglebretson,  R.B., 
"Forecasters  Handbook  for  the 
Philippine  Islands  and  Surrounding 
Waters,”  Naval  Research  Laboratory  - 
Monterey,  NRL/PU/7541-92-0001,  p. 
354. 

DOD  BBT  TBCBMOLOOT  ARBA: 
Bnvironmantal  Bffects. 

BBXWORDSt  Philippines,  Meteorology, 
Oceanography,  Typhoon,  Monsoon, 
Propagation,  Ducting. 
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WOMERICM.  OF  TOOPicMi  gTKiicTimg  comaa 

R.T.  WllliaM,  ProfMsor 
M.S.  P«ng«  RasMTCh  A«sociat«  ProfMSor 
D«p«rtMait  of  Motoorology 
Spocutor:  Offieo  of  Koval  Rasaareh 
Funding*  Kaval  Poatgraduata  School 


OBJacnVBt  To  undorstond  tho 
physical  procosaas  which  control 
tropical  cyclona  atructura. 

aoasunrt  Tha  thraa-diaanalonal 
priaitlva  aquation  aodal  froai  tha 
Naval  Raaaarch  loUaoratory  waa  adaptad 
to  run  on  tha  Naval  Poatgraduata 
School  auparcoaputar .  Thia  aodal 
uaas  a  aacond  ordar  finita  diffaranea 
achaaa  with  aplit>axplicit  tiata 
Intagration.  Tha  aodal  contains  full 
physical  paraaMtariaation  including  a 
audifiad  varsion  of  tha  Xou  achaaa 
for  tha  cuaulua  convaetlon.  Tha 
initial  aacparlaanta  wara  on  an  f- 
plana  with  a  spatially  uniform 
mavironmant.  K  praliainary 
invastigation  ahowad  that  tha 
dynaadoa  of  larga*seala  tropical 
cyclonaa  such  as  mvpmr  typhoons  and 
aonsoco  circulations  ara  diffarant 
from  tha  dynaatlcs  of  sawllar  scala 
cyclonaa.  Disparsion  was  found  to  ha 
aora  iaportant  and  oftan  a  strong 
anticyclona  foraad  to  tha  aouthaast 
of  tha  cyclona.  Tha  motion  of 
tropical  vortieas  in  aast-wast  naan 
flows  was  studiad  with  tha  barotropie 


vortlcity  aquatira  on  tha  bata>plana. 
Tha  vortax  was  anbaddad  in  a  linaar 
shaar  flow  and  in  a  parabolic  jat. 
Nith  linaar  shaar  tha  vorticias  movad 
in  tha  Sana  diraction  as  tha  no  maan 
flow  casa  whan  tha  advaction  by  tha 
maan  currant  waa  ramovad.  Tha  anti- 
cyclonle  currant,  howavar.  gava 
longar  trajactorias .  Nith  tha 
parabolic  jat,  tha  Earth's  vorticity 
gradiant  was  nora  important  than  tha 
ralativa  vorticity  gradimt  in 
datarmining  tha  northward  vortax 
movamant. 

onOBii  Nilliaaa,  K.T.  and  Chan, 
J.C.'L.,  *Numarical  Studias  of  tha 
lata -af fact  in  Tropical  Cyclona 
Motion.  Part  ZXi  toMl  Maan  Plow 
tf facts,*  will  ba  publishad  in  tha 

JgitfaaA  9t  iht  AMNnAtrU  tfittactt 

during  1994. 

DOD  or  TTMMT.II.nO'r  JUUDii  Bnviron* 
mantal  Bf facts. 

EjnrNOWMi  Tropical  Cyclonaa, 

Nuswrical  Poracasting. 
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OMBCrmi  auMrle*!  acMtols  will  b« 
UMd  to  ttadoratoad  tiM  dyBomieo  of 
•urfoeo  fvottto  and  thotr  rolatioo  to 
dofMlty  ewrrmto. 

■OHUnri  (Vrojoot  bogaa  1  Mar  93)  A 
•ouaaiooaq  two«dtaanaiooal  aodol  waa 
dowolopod  to  atttdy  aurfaea 
frootofaaaaia.  A  aisniaoidal. 

eoaflvtaat  wlikl  flald  waa  uaad  to 
foroo  tlM  freatoponaaia.  Tba  initial 
taaporatura  diaturbaaoa  waa  eoofiaad 
to  tJMi  lowor  part  of  tba  dooMiia  ao 
that  froatoganaaia  would  not  oeeur 
aloag  tha  uppar  boundary.  Tba 
aquatioaa  wara  intagratad  nuaMrieally 
with  aacoad  ordar  finita  diffaraaoaa 
aad  ao  diffuaioa  taraa.  with  gird 
iaoraaMata  ax  ■  3  ka  anda  s  •  0 . 1  ka 
tba  noraaliaad  froatal  aeala 
eollapaad  froa  99Q  ba  to  3T  ka  in  34 
houra.  faall  aoala  gravity  wavaa 
wara  praaaat  in  tba  frontal  ragioo  at 
tba  aad  of  tba  latagratioa. 


A  variabla  raaolution  grid  waa 
iatroduead  with  tba  — — 
raaolution  eaatarad  on  tba  aurfaea 
froatal  poaition.  with  ainlaua  grid 
aisaa  of  a  x  «  500  a  aad  a  S  «  5a  tba 
froatal  aeala  raaebad  2.3  ka  aftar  24 
boura  aad  tba  gravity  wavaa  bad  aueb 
aaallar  aaplitudaa.  Tbaaa  raaulta 
auggaat  that  tba  iaviaeid  aguatieaa 
would  produea  a  diaeoatlaulty  if  tlia 
grid  aiaa  eould  ba  raduead 
iadafiaitaly.  A  aurfaea  turbulaaea 
foraulatioa  baa  baao  iatroduead  iato 
tba  nodal  ia  ordar  to  aaa  if  froata 
eaa  aoaatiaaa  ba  eoavartad  into 
daaaity  eurraata  aa  auggaatad  by 
eartain  obaarvatioaa . 

OOD  nr  tBOMOtOOT  MMMAi  iBviroa* 
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DEPARTMENT 

OF 

NATIONAL  SECURITY  AFFAIRS 


Thomas  C.  Bnmeau 
Chairman 


DEPMOmifT  OF  VKTICOOJm  S1CDKIT7  AFFAISS 


Th*  r«a«areh  eonduetad  by  tha  faculty  in  tha  Dapartaant  of  Hatloaal  Saeurity 
Affalra  axpandad  in  acopa  and  dapth  during  tha  1993  Acadaaic  Yaar.  Mora  aanior 
faculty  vara  joinad  by  naw  faculty  who  wara  racrultad  to  broadan  tha  taaohlng  and 
raaaaroh  Intaraata  aponaorad  by  tha  Dapartaant.  Thaaa  Includad  in  particular  tha 
araaa  of  Spacial  Oparationa  and  Low  Intanalty  Conflict,  Regional  Saeurity  Policy, 
and  Intalllganca  Studlaa.  Moat  of  tha  faculty  apant  anach  tiaa  outaida  of 
Montaray  conducting  raaaarch.  Thaaa  includad  abort  tripa  to  Naahlngton,  D.C., 
Norfolk,  Honolulu,  capital  cltlaa  in  Aala,  tha  Middle  laat,  and  Huropa,  aa  wall 
aa  tha  Chaintan'a  nine  awnth  aabbatlcal  leave  in  Spain  and  Portugal. 

Tha  raaaarch  thaaaa  purauad  by  tha  faculty  include  tha  following i 

(1)  Hational  and  Regional  Security  and  Dafanaa  Polleiaa  including  virtually  all 
of  Ruropa,  laat  and  Neat,  Ruaala  and  Dkralnai  Latin  Aaarioai  tha  Middle  laatf 
South,  laat  and  South  laat  Aaia.  Tha  raaaarch  in  thaaa  araaa  daala  with  aueh 
topica  aa  clvll/adlltary  ralatlona,  foreign  ralatlona  between  and  anong  groupa 
of  atataa,  tha  role  of  regional  organisatlona  aueh  aa  MATO  and  tha  DM,  and 
bilateral  ralatlona  with  tha  United  Stataa. 

(2)  Tha  general  topica  of  ravolutiona,  low  Intanalty  conflict,  and  apaeial 
oparationa.  Nhlla  dealing  with  tha  overall  thaaM  of  political  violanea  and 
inaurraetlona,  and  covering  anich  of  tha  world,  tha  atrongaat  foeua  haa  bean  on 
different  eaaaa  in  lAtin  Aauirlea. 

(3)  U.S.  dafanaa  policy,  particularly  regarding  the  role  of  different  national 
inatltutiona  including  tha  Ixaeutiva  and  Lagialativa  branehaa  and  tha  different 
aarvleaa . 

(4)  Tha  overall  thaaa  of  intalllganca,  and  how  it  ia  baeoadag  incraaaingly 
joint.  Bara  tha  aaphaala  la  prlaarlly  on  tha  aaarglng  thaaaa  of  Intalliganea  and 
tha  naw  or  changing  atrueturaa  hereby  tha  Ubltad  Stataa  obtaina  and  prooaaaaa 
infomation. 

(5)  U.S.  Naval  atratagy,  and  particularly  tha  iaplleatlona  for  tha  Navy  of  tha 
naw  doctrine  in  "Proa  tha  Saa.*  Tha  focua  on  naw  naval  atratagy  holda 
Inplicationa  for  tha  ralationahlpa  with  other  aervicaa  and  allied  aarvleaa. 

(6)  Tha  aeonoadea  of  U.S.  and  other  countriaa'  dafanaa  atratagiaa.  Bare  tha 
aaphaala  la  on  tha  coata  of  dafanaa,  tha  aeonoade  iaplleatlona  of  dafanaa,  and 
aueh  thaaaa  aa  ■aeonoale  warfare." 

(7)  Certain  "hot”  topica  of  traaMndoua  laportanca  Including  eountar- 
prolifaration,  eybarwar,  paaeakaaping,  datarranca,  and  arau  control.  In  aany 
eaaaa  thaaa  topica  arc  aituatad  in  a  national  or  regional  context,  and  thay  often 
bridge  aavaral  of  tha  thasMa  noted  in  tha  other  catagorlaa. 

Tha  faculty  in  tha  Dapartaant  have  davalopad  a  raaaarch  agenda  which  ancnapaaaaa 
tha  aoat  laportant  and  relevant  thaaaa  of  international  aacurlty  and  dafanaa. 
Thay  are  virtually  all  active  raaaarehara  with  great  aiqparlanea  in  thair  araaa 
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of  topleo  of  oboieo  and  with  ma  oaphaals  upon  aulyais  and  policy,  tho  roaoareh 
ia  iaeroaaiagly  aunortad  by  raiaiburaabla  funding.  Tha  rasulta  of  tha  roaoaxoh 
ia  provided  to  aponaora  through  raporta  and  briafinga,  and  ia  oftan  aada 
•^•ilabla  to  a  larger  public  throu^  tha  publication  of  acholarly  artiolaa  and 
booka. 


j4W  MgiwiA8i 
D.  Abenhala,  Associate  Professor 
Dfltpartaent  of  National  Security  Affairs 
Sponsor  and  Funding:  Director  of  Net  Assesaaent, 
Office  of  Secretary  of  Defense 


OBJSCrxVB:  Th«  praaant  rasaareh  haa 
aought  to  aaaaaa  tha  ijapaet  of  tha 
colli^aa  of  a  Coaanmiat  adlltary  on 
offlear  profaaalonaliau  and  axaailna 
tha  afforta  of  tha  waatarn  Oaxmana  to 
abaorb  foxaer  coBBBunlata  into  xanka 
of  a  MATO  akilltaxy.  Alao  kay  to 
provlda  inalghta  aa  to  offlcax 
profaaalonallaai  In  othax  0SSR  atyla 
axadaa  and  naviaa. 

SnsnSTs  Tha  auddan  and  of  tha  QDR 
In  1989/90  eraatad  tha  axtxaoxdinaxy 
altuatlon  of  ona  Axay/Mavy/Alx  Foxea 
abaorblng  aoat  of  tha  offlcaxa  of  a 
foxnar  opponant  oxganlsaa  along  tha 
llnaa  of  tha  axnad  foxcaa  of  tha 
USSR.  Chlaf  aaK>ng  tha  pxoblama  haa 
baan  tha  rola  of  political  indoctxi- 
nation  in  tha  eoncapt  of  eoanand  and 
tha  aoeial  walfara  of  tha  officaxa 
affactad.  Whila  waataxn  idaaa  of 
civil -adlitaxy  xalationa  caaa  aa 
foreign  to  awny  QDR  officaxa,  tha 
aavaral  tbouaand  who  hava  adapted  to 
new  conditiona  aaae  confidant  of 
thair  future  once  quaationa  of  aoeial 
welfare  hava  baan  raaolvad.  K]q>llclt 
ccaananiat  indoctrination  lad  to  a 
widely  different  ideal  of  cosoaand. 


Monathalaaa,  the  waatam  Oareana  hava 
Bade  ioportant  atridaa  and  laamad 
laaaona  applicable  to  future 
a:qpaxianca  in  the  a:g>anaion  of  MATO. 

PUBLICATiaH:  Abanhaia,  D.,  ■Oaxaan 
Unity  and  tha  Soldier:  Problaaa  of 
Conmand  and  Paraonnal , "  HPS  Taehnical 
Raport,  MPS-MS-93-009,  March  1993. 

OOMFMRSHCS  PRSSMHXATICMIt  Abanhaia, 
D.,  "OaxBian  Soldier  and  Oaraan 
unity, "  Can tax  for  International 
Security  and  Axas  Control,  Stanford, 
CA,  17  January  1993. 

OTHER:  The  Invaatlgator  ia  preparing 
a  book -length  aonograph  publication 
with  Princeton  Uhivaraity,  press  on 
tha  results  of  this  project. 
Coaplation  is  axpactad  in  lata  1995. 

DOO  KMT  TMCBMObOOr  ARKA:  Other. 

KEZWORDS:  Coaanulst  Military, 
Mas tarn  Oaxaans. 


E  OF  TRAHSATIANTIC  SBCORITT 
J.S.  Bre«Mr,  Jksaiatant  Professor 
DepertsMiit  of  Mationsl  Security  Affairs 
Sponsor  and  Fundingt  Naval  Postgraduate  School 


OBJBCTlVBt  Th«  objactlv*  of  this  3 
yoar  pro j act  was  to  Invastlgata  and 
raport  on  tha  isqplleationa  of  tha 
daalsa  of  tha  Sovlat  Onion  and  tha 
Warsaw  Pact  for  tha  O.S. -Kuropaan 
aacurlty  partnarshlp. 

SOHBUnrx  Tha  principal  Invastlgator, 
in  closa  coordination  with  tha 
pro j act  sponsor,  N-513,  davalopad  an 
aganda  of  policy  Issua  araas  that 
hava  baan  cantral  to  tha 
transatlantic  sacxurity  "dabata"  slnca 
tha  collapsa  of  tha  Barlln  Wall. 
Idantifiad  iasuas  wara  raviawad  and 
analysad  with  a  particular  aya  on 
MXTO-luropaan  parspactlvas .  This 
affact  antailad  a  sarlas  of  axtansiva 
discussions  and  intarviaws  with  kay 
KhTO-Buropaan  foraign  and  sdlitary 
policy  dacislon-sMkars,  as  wall  as 
acadasdc  policy  analysts.  Kay  issua 
araas  covarad  Includad:  (1)  NATO- 
■uropaan  vlaws  on  naval  arms  control 
and  confldanca-building  maasuras,  (2) 
O.S.  vlca  Kuropaan  parspactlvas  on 
"raconstltutlon; *  (3)  Kuropaan 
parspactlvas  on  tha  futura  of  multi¬ 
national  naval  cooparation,  and  (4) 
prospacts  for  a  Kuropaan  dafansa 
idantity. 


POBUCmoSi  Braamar,  J.8.,  "O.S. 

Porcas  in  Kuropa  t  Tha  Saarch  for  a 
Mission, ”  in  Trlttan  and  Stockton, 
Kds,  Raconstitutina  Aearica's 

Dafansa  t  Tha _ fits _ P«8. _ Mationsl 

Sacuritv  Strataav.  Maw  York:  Pragar, 
pp.  137-152,  1992. 

COMFKRBHCB  PRBSBnBTZOat  BrasMr, 
J.S.,  "Tha  Maw  Mavy, "  Annual  Masting 
of  tha  Intamational  Sacurity  Studiss 
Saction  of  tha  Intamational  Studios 
Association  -  Wast,  Phoonix,  AZ, 
MovasS>ar  1992. 

Braamar,  J.S.,  "From  tha  Saa: 
loplicatlons  for  tha  0.8.  Mavy  and 
Kuropaan  Sacurity, "  Royal  Maval 
Collaga,  Craanwich,  OX  and  tha 
Natharlands  Amad  forcas  Staff 
Collaga,  Tha  Haguo,  Tha  Matharlands, 
January  1993. 

DOD  xxr  TKCBWDLOQT  ARKAt  Othar. 

KEYWORDS:  Naval  Stratagy,  Rogional 

Sacurity,  Araw  Control  Kuropa. 
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TBK  TOIITID  STAT18  AHD  IBIRIA  ATOR  THE  COLD  WkR 
PWaS  AMD  OPPOKTOMinKS  IH  THE  MPf  SlCDRirT  KWVTBOWIBg 
T.C.  Bnmeau,  Cl&aixaan  and  Profasaor 
Dapartnant  of  National  Sacurlty  Affaira 
Sponsor  and  Fundings  Faculty  Davalopaant  iron  tha 
Naval  Postgraduata  School  and  tha  Offica  of  tha 
Assistant  Sacratary  of  Dafansa  for  Policy  (IPS) 


OBJSCTXVSs  To  analym*  th«  proaont 
•nd  llkoly  rolationahlps  batwaan  tha 
Ibarlan  daaoeraeiaa  of  Portugal  and 
Spain  with  tha  unltad  Stataa  In  tha 
aavaral  broad  araaa  of  dafanaa. 

SOBBUETs  Tha  ralatlonahlpa  batwaan 
tha  Ttaltad  Stataa  and  tha  two  Ibarlan 
eountrlaa  of  Portugal  and  Spain  hava 
changad  vary  aubatantially  during  tha 
paat  daeada.  Thia  waa  dua  initially 
to  tha  raaulta  of  tha  daaneratlaation 
of  tha  two  eountlaa  and  latar  to  tha 
iaplleatlona  of  tha  and  of  tha  Cold 
War.  In  ordar  to  analysa  tha  ovarall 
ralationahlp  a  nuabar  of  kay  araaa 
wara  atudlad.  Thaaa  includad  tha 
following:  atratagle  thinking  in  tha 
civilian  and  solitary  eontaxta; 
ralatlonahlpa  with  NATO: 
ralatlonahlpa  with  tha  aMrging 
■urqpaan  Saeurlty  and  Dafanaa 
Idantltyi  parcaption  of  thraata;  and 
tha  ovarall  bilataral  ralationahlp 
with  tha  Dnltad  Stataa.  Tha  raaaarch 
waa  eonduetad  in  Portugal  and  Spain 
batwaan  Oetbbar  1992  and  Juna  1993, 
and  involvad  axtanaiva  Intarvlawa 
with  allitary  and  civilian  a3q>arta 
and  offlclala. 

POBLXCATZGflBx  Brunaau,  T.  C., 
- Portugal , "  Sncvclopadia  of 
Qfaag£B52y,  forthcoolng  1994. 

Brunaau,  T.  C.,  "Collaborator  in 
Brand  Lljphart,"  Blactoral  ffyrtnif 
and  Party  A  Study  of  Twantv- 

Saxmk _ Dasocraciaa _ 1945-1990,  Now 

York:  Oxford  Dhlvoraity  Proaa, 
forthcoaing  1994. 


Brunaau,  T.  C.,  "Tha  Rola  of  tha 
Provisional  Oovamanta  in  tha 
Transition  to  Daaocracy, "  in  JUan 
Lins  and  Yossi  Shain,  ads., 

Oovarnsants _ and  Dasocratic 

Tyanalfciftw.  Now  Yorkt  Casbridgo 
nni varsity  Prass,  forthcosUng  1994. 

COWySBBSCB  PRBSBRATIOSBs  Brunaau, 
T.  C.,  "Portuguasa  Dafanaa  Pollcios," 
at  a  aaaslnar  hostad  at  tha  Cantro 
Bspanol  da  Ralaclonas 
Intomaclonalas ,  Madrid,  25  May  1993. 

Brunaau,  T.  C.,  "D.S. -Portuguasa 

Dafansa  Ralations,"  at  a  saainar 

hostad  by  tha  Instituto  da  Bstudos 
Xstratagieos  a  Intamacionais, 
Lisbon,  schadulad  1  JUna  1994. 

OTBXRt  A  sat  of  flva  roports  wara 
providad  to  rasaarch  sponsors  in 
Saptoabar  1993.  Thosa  includad  tha 
following  officos:  OASD/RSA  (BDR 
POL) ;  ODJD  (p)  S  a  R  Policy  Rasaarch; 
N  31/52;  and  N  524.  In  addition,  tha 
invastlgator  usad  tha  data  obtalnad 
in  tha  pro j  act  to  halp  brlof  tha 
Asbassador  Dasignata  to  Spain,  Dr. 
Richard  Gardner,  at  tha  Foreign 
Sorvica  Instituto,  Arlington,  VA,  on 
8  Soptaabor  1993.  Tha  Invastlgator 
is  working  with  the  data  to  prepare 
papers  to  subsilt  to  acadasdc 
journals. 

DOD  KMY  TBCBSOLOCnr  ABBA:  Other. 

XRWORDSt  Cold  War,  Daaocraey, 
Spain,  Portugal . 
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afULMCTWa  3M . J9Jai- WiMaMMi 
R.N.  Cluuin«ll,  Adjunct  ProfcMor 
DcpartMnt  of  Nationnl  Socurity  Affairs 
Sponsor  X  Dirac  tor  of  Zntalliganca,  Ilia  Joint  Staff 
Funding:  Naval  Poatgraduata  School 


OBJBCTlVSi  To  dovolop  an 
undaratanding  of  tha  atructura  and 
logic  of  joint  oparational 
intalliganca  (opintal)  aupport  to  tha 
oparating  forcaa,  with  aaqphaaia  on 
tha  cmc  and  tha  OTF)  to  idantify  tha 
iaauaa  and  problaa  araaa,  and  to 
provida  analyaia,  coaaMnt,  and 
raeoHMndationa  to  tha  joint 
intalliganca  atructura  for 
conaidarationx  to  iaprova  tha  ability 
of  MPS  to  provida  BManingful 
inatruetion  ragarding  tha  currant 
atatua  of  joint  opintal,  and  to 
provida  a  fraawwork  within  which 
intalliganca  atudanta  can  axplora 
thaaia  aatarial  and  contributa  to 
joint  opintal  iaauaa x  and  to  inatall, 
atudy,  aud  coaaMnt  on  tha  aaMrging 
naw  intalliganca  intarfaca  for  joint 
opintal.  tha  Joint  Daployabla 
Intalliganca  Support  Syataa  (JDISS) . 

SISBIhXTt  Major  changaa  hava  occurrad 
in  tha  way  that  oparational 
intalliganca  (opintal)  ia  providad  to 
tha  oparating  forcaa.  Tha  naw  Joint 
Intalliganca  Cantara  hava  aaauBMd 
anat  fiuctiona  for  oparational 
intalliganca,  but  tha  aarvicaa  atill 
provida  a  dagraa  of  aupport.  Tha 
opintal  connactivity  tmong  tha 
oparating  forcaa,  tha  aarvica 
organiaationa,  tha  JlC'a,  and  tha 
national  laval  aaaata  haa  not  baan 
fully  raaolvad,  with  tha  aolutiona 
not  conaiatant  aaKxng  tha  CZMC'a. 
Thia  praaanta  problaaa  to  forcaa  that 
■ay  daploy  to  any  CIMC  AOR.  Othar 
iaauaa  includa  tha  balanca  batwaan 
currant  intalliganca  and  databaaa 
aupport X  tha  propar  adx  batwaan  JIC 
and  aarvica  unigua  aupport x  tha 
naoaaaity  to  continua  raguirad 
opintal  aupport  to  daployad  naval 


forcaa  X  and  tha  naad  for  araa  and 
othar  aducational  aicpartiaa. 

Tha  raaaarch  to  ba  accospliahad  waa 
originally  aatiaatad  to  Includa t  a 
viait  to  Waahington,  DC,  to  idantify 
tha  MMJIC  atructura  and  to  datandna 
tha  intarfaca  of  tha  othar 
intalliganca  aganciaa  with  tha  naw 
atructurax  a  viait  to  tha  naw  JIC' a 
at  STRATCOU  and  CSMTCOM  to  obtain  tha 
lataat  atructura  and  idantify  tha 
iaauaa  X  a  raviait  to  CIMCPAC  and 
JICPXC,  aa  tha  aatarial  at  hand  waa 
datad,  and  tha  iaaua  of  forward 
aupport  to  daployad  forcaa  had  not 
baan  raaolvadx  a  viait  to  tha  naw  JAC 
for  IOC(MI  and  at  SDCOM  ragarding 
aarvica  alaaant  aupport  and  tha 
intarfaca  with  MATO,  MIO,  and  TO 
paacalcaapara  in  tha  Balkana . 
Znatallation  of  tha  JDISS  waa  to  ba 
an  intagral  part  of  tha  pro  j  act, 
aaaantial  to  drawing  currant  data, 
iaagary,  and  diraetivaa  froa  tha  naw 
joint  opintal  ayataa. 

Tha  P.I.  travalad  axtanaivaly  during 
tha  lata  auanar  and  fall  of  1993  to 
XMOt  tha  abova  liatad  raguiraaanta . 
Spacifically,  viaita  wara  aada  to  JCS 
J3/MMJIC,  ONI,  ACOM  J2/AIC,  STRATCOM 
J2/JIC,  CINTCOM  J2/JIC,  PACOM 
J2/JICPAC,  aa  wall  aa  CMO, 
CIMCLANTPLT,  CINCPACPLT,  COICTBIROPX.T 
and  aalactad  Carriar  Battla  Orot^ 
H2'a.  Tha  P.I.  waa  not  abla  to  viait 
SITCOM  and  tha  naw  JAC  baeauaa 
aufficiant  traval  funda  wara  not 
availabla.  Although  prograaa  haa 
baan  aada  on  tha  JDISS, 
unfortunataly,  aufficiant  funda  hava 
not  baan  aada  availabla  to  obtain  tha 
aguipaant . 
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A  raport  on  joint  oparatlonal 
Intolllgoneo  ia  in  praparation  to  ba 
providad  to  tha  sponaor  and  othar 
J2'a,  and  will  ba  uaad  aa  a  taxt  for 
inatruction  in  tha  Joint  Intalliganca 
Curriculua,  and  for  Stratagy/JPMB  aa 
naadad.  Studant  thaaaa  hava  alraady 
baan  producad  ralating  to  thia 
projaet,  and  it  ia  anticipatad  that 
aueh  thaaaa  will  continua,  aa  wall  aa 
atudant  viaita  to  varioua 
intalliganca  analyaia  cantara. 

Thia  projaet  ralataa  diractly  to 
intalliganca  co\iraaa  in  tha  MSA 
dapartaant,  and  haa  alraady  mada 
major  contributiona  to  thaaa  couraaa. 
It  ia  anticipatad  that  furthar 
contributiona  will  ba  mada  to  tha 
taaehing  of  atratagic  planning  and  to 
JPMB  hara  at  MPS.  Tha  projaet  also 
ralataa  diractly  to  joint  operations, 
and  to  naval  and  othar  U.S.  operating 
forces,  and  is  currently  a  key  issue 
in  tha  warfighting  arana. 

OOnraSMMCS  PKSSIRATZCMS:  Informal 
prasantations  at  various  J2 '  a  and 
N2's. 

wusu  duBCTIDx  Shaahan,  F.X.,  LT, 
USN,  Battle  Group  Intalliganca 
Support  to  Theater  Laval  Battle 
Daamga  Assassaiant  (U) ,  Master's 
Thesis,  June  1993. 

Lindsay,  R.R.,  "A  Critical  Appraisal 
of  Target  DavalopsMnt, "  Master's 
Thesis,  June  1993. 


Button,  D.J.,  MAJ,  USMC,  (second 
reader) ,  "Marina  Corps  Intalliganca 
and  All-Source  Fused  Analysis...," 
Master's  Thesis,  June  1993. 

Hopkins,  T.H.,  LCDR,  USM, 
"Intalliganca  Support  to  Special 
Warfare  in  Korea  (U) , "  Master's 
Thesis,  September  1993. 

Currently,  two  theses  on  intalliganca 
issues  regarding  tha  Global 
Positioning  System,  and  mobile 
commercial  talaphonas. 

OIBKR:  Preliminary  reports  prepared 
following  visits  to  JCS  J2,  STRATCOM, 
CBMTCOM,  and  PACOM. 

"Joint  Operational  Intalliganca:  Tha 
New  Look,"  in  preparation. 

DOD  KIT  TBCHMOLOOT  ARBA: 
Communications  Natworklng,  Human 
System  Interfaces,  Software,  and 
Coiq>utars  (emphasis  on  C4  and  I 
aspects) . 

KBX1IORDS:  Joint  Operational 
Intalliganca,  Joint  Intalliganca 
Interface,  JDISS,  Joint  Intalliganca 
Canters,  Joint  Task  Forca  Support, 
Fusion/Flltaring. 


» 
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■STATUS*  MID  "PRISTIGI*  PR0CB88B8 
D.P.  Byr«,  Zi«ctiir«r 

Dapartaant  of  National  Saeurlty  Affalra 
Sponaor  and  Funding:  U.S.  Air  Forca  Inatltuta  for 
National  Saeurlty  Affairs 


OBjaCTXVBi  Th«  goal  of  this  pro j set 
was  to  lBf>rovo  the  formulation  of 
argusMnts  about  the  rola  of  status 
and  prastiga  in  waapons 
prollfaratlon,  and  to  conduct 
pralisdnary  aaplrleal  evaluation  of 
these  arguments.  This  work  is  part 
of  an  ongoing  pro j set. 

SaanJCTi  Theoretical  arguments  for 
the  project  were  drawn  from  earlier 
work  by  the  primary  investigator 
(Nark  C.  Suchman  and  Dana  P.  Byre, 
1992,  "Nilitary  Procurement  as 
Rational  Nyth:  Notes  on  the  Social 
Construction  of  Weapons 
Proliferation, ■  Sociological  Forum. 
Vol.  7,  No.  1).  Data  (prisiarlly 
weapon  systems  inventories,  by 
country,  by  year,  and  dates  of  first 
acquisition  of  swjor  weapons  systesui) 
necessary  for  the  esqpirlcal 
evaluation  of  these  arguments  were 
gathered  from  open  source  Mterlals. 
A  series  of  quantitative  analyses 
examining  patterns  of  proliferation 
in  the  developing  world  were 
conducted  in  order  to  evaluate  the 
arguments  offered.  Xn  the  first 
phase  of  the  project  cross-sectional 


regressions  of  country  weapons 
inventories,  in  a  panel  design,  for 
the  period  1970-1981  were  conducted. 
Preliminary  results  from  this 
exploratory  work  suggested  both 
strong  support  for  the  arguments 
under  evaluation  and  suggested  useful 
Budificatlons  to  the  arguments  and 
the  research  design.  In  the  second 
stage  of  the  work,  currently  in 
progress,  I  will  use  event  history 
analysis  for  the  analysis  of  patterns 
of  weapons  proliferation.  Coding  of 
data  has  been  partially  completed 
(panels  for  1970,  1975,  and  1980,  for 
a  saople  states)  and  continues. 

OONFNRBNCB  PBNSTRTiaBt  Byre,  D.P.  , 
■Cross  National  Trends  in  Weapons 
Proliferation  and  Military 
Knowledge, ■  Social  Science  History 
Association  Annual  Meeting,  MD, 
November  1993. 

DQD  BBT  TMCHMOIdOOr  ARMAt  Other. 

KBTNOSDSt  Weapons  Proliferation, 
Arms  Transfer  Status. 
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miamiq  TO  Limifira  rat  wMBt  tbm  PQi.incs  of 

WOCLKMt  PROLIFEgATIOM  IH  SOUTH  ASIA 
P.R.  Lavoy,  Aaalstant  Prof ••■or 
D«partB«nt  of  Rational  Security  Affairs 
Sponsor  and  Fundings  Naval  Postgraduate  School 


OSJSCTXVXt  Th«  oi>j«etlv«  of  thla 
tvo-y««r  project  is  to  oxaalns  and 
report  on  the  evolution  of  nuclear 
weapons  activities  in  India  and 
Pakistan. 

SnsnHT:  The  principal  investigator 
is  conducting  an  extensive  research 
project  on  many  dimensions  of  the 
nuclear  proliferation  problem  in 
South  Asia.  The  specific  alma  of 
this  research  are:  (1)  to  explain 

the  conditions  that  motivate  India 
and  Pakistan  to  develop  and  eiqpand 
their  nuclear  weapons  capabilities} 

(2)  to  examine  0.S.  and  other  foreign 
efforts  to  influence  Indian  and 
Pakistani  nuclear  decision  making; 

(3)  to  understand  the  sdlitary  and 
political  problems  posed  by  nuclear 
weapons  in  South  Asia;  and  (4)  to 
explore  arms  control  and  confidence* 
building  solutions  for  these 
problems . 


POBLICATTOSSt  havoy,  P.K.,  "ITuclear 
Myths  and  the  Causes  of  nuclear 

Proliferation,  *  8«g,MritY _ Studies. 

Vol.  2,  Hos.  3/4,  Spring/Summer  ''993. 

P.R.,  ■Missile  Proliferation  in  South 
Asia,  ■  (cosBMnt  on  paper  written  by 
Dr.  Brahu  Chellaney)  at  Joint  Indo- 
D.S.  Conference  on  Nonproliferation 
and  Tec'onology  Transfer,  Uhlverslty 
of  Pennsylvania,  Novasiber  1993. 

OOO  XR  TMCBMOLOQT  ABBAi  Other. 

UXMOSDSt  Nuclear  Weapons,  Nuclear 
Proliferation,  India,  Pakistan. 
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R.B.  Nagpaus,  Asaociata  Profasaor 
DepartaMnt  of  National  Secturity  Affairs 
Sponsor  and  Funding:  Naval  Security  Support  Group  Activity, 

Washington,  DC 


OBJSCnvX:  This  study  invsstlgstss 
th«  forsign  policiss  of  ths  Islsmic 
Rspubllc  of  Iran  from  ths  point  of 
visw  of  ths  Btsjor  nslghborlng 
countrlss  of  Turksy.  Pakistan,  ths 
Oulf  Statsa  and  Afghanistan.  Thsaa 
statsa  hava  a  long  history  and  a 
groat  currant  policy  intsrsst  in  ths 
pcllcss  and  bshavior  of  Iran.  Thair 
visws  aro  both  dlrsctly  and 
'ndlrsctly.  Dlrsctly,  thsy  offset 
rsgional  frisnds  and  alliss  of  ths 
Unitod  Statsa.  Indirsctly,  thsy 
provida  insights  into  Iranian 
policiss  rslsvant  to  ths  Unitsd 
Statss  in  gsnsral. 

SOMMART:  A  final  rsport  of  twsnty- 
fivs  pagss,  Iran  and  Its  Nsiahbors, 
was  submlttsd  to  ths  sponsor  in 
April.  An  additional  brisfing  was 
BUids  to  ths  sponsor,  and  agrsamant 
was  rsaehsd  for  furthor  rsssareh  to 
dsvslop  this  topic  in  1993-94.  This 
rsport  was  also  submlttsd  to  ths  Navy 
Staff,  Pol/Nil  and  brisfsd  to  RADM 
Doran.  It  was  brisfsd  to  staff  of 


ths  OASD/ISA,  with  participants  from 
JCS  in  attsndancs .  It  was  also 
subBd.ttad  and  brisfsd  to  Ns.  Anns 
Davis  Alsxandsr,  Rsgional  Analyst, 
Nsar  Bast  and  South  Asia,  National 
Sscurity  Council  Staff. 

PUBUCATiaWt  Nagnus,  R.  H. , 
■Intsrvisw  with  Afghan  Porsign 
Ministsr,*  Afghanistan  Forum.  Vol- 
XXI,  No.  6,  pp.  34-35,  1993. 

THBSIS  DXBBCTBDi  Woodyard,  Brucs  L. , 
LCDR,  USN,  "Rsvolutlon  or  Rsallsm?: 
Dnltsd  Statss -Iranian  Rslations  in 
Post-Cold  Nar  Bra,”  Nastsr's  Thasis, 
Ssptsmbsr  1993. 

OTHBR:  Ths  author  is  working  to 
dsvslop  this  in  ths  form  of  an 
articls. 

DOO  BBT  TBCBNOIdOOT  ABBA:  Othsr. 

BBrwORPSi  Iran,  Middls  Bast,  South 
Asia,  Turksy. 
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R.H.  Magnus,  Associate  Professor 
Department  of  National  Security  Affairs 
Sponsor  and  Funding;  Naval  Security  Siqpport  Qranip  Activity 


<»jacnVB:  This  project  alaa  at  tha 
Identification  and  explanation  of  the 
internal  aources  of  Iranian  aacurity 
policy  through  the  exanination  of  tha 
reapective  contributiona  of  Ideology, 
rational  atrategic  and  national 
Intereat,  rival  doawatic  intereat 
groupa  in  the  political  ayaten  and 
the  claah  of  interaata  between 
different  bureaucratic  inatitutiona 
in  policy  and  deciaion-aMking 
proceaa.  A  aonltoring  of  the 
evaluationa  of  Iranian  policiea  by 
regional  naighbora  will  continue  from 
tha  previoua  reaaarch  project,  "Iran 
and  Ita  Helghbora.* 

inMMAKTt  Three  raaearch  tripa  were 
taken  in  the  Tall  Quarter  1993: 

(1)  Waahington,  D.C.:  Intarviawa  with 
foreign  and  U.8.  acholara,  interview 
with  tha  Afghan  Foreign  Minlater  and 
with  the  Political  Counaelor  of  tha 


SaJ»aaay  of  Dzbekiatan,  interview  with 
Acquiaitiona  Director,  Library  of 
Congraaa . 

(2)  New  York  City:  Intarviawa  with 
Afghan  AaU»aaaador  to  the  thiitad 
Nationa,  Liaiaon  Officer  of  the 
Iranian  Miaaion  to  the  United 
Nationa,  Intarviawa  with  D.S. 
acholara . 

(3)  Raaearch  Triangle,  N.C.: 
Participation  in  Annual  Middle  Beat 
Studiaa  Neeting. 

OOMFKRBMCB  PRBSBRATIoax  None  in 
reporting  period.  One  acheduled  for 
1994  Middle  Beat  Studiaa  Aaaociation 
Meeting,  Phoenix,  AZ,  Novaaiber  1994. 

DOO  net  TBCHMOLOOT  AKBAt  Other. 

KBT«R»D8:  Iran,  Middle  Beat,  South 
Aaia,  Central  Aaia,  Turkey. 
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S.D. 


ag  sigrom 

To11«£boii,  Assistant  Professor 


Depertaent  of  Ketlonsl  Security  Affairs 
Sponsor  and  Fundings  U.S.  Kavy;  Office  of  the  Secretary  of 
Defense,  Regional  Security  Affairs,  Znter-Aaerlcan  Region 


OUacrzVBt  Th*  goal  of  thla  thraa- 
yaar  projaet  la  to  invaatlgata 
Braill's  national  aacurlty  stratagy 
(daaalopaant,  aacurlty  and  foreign 
pollelaa)  and  tha  lapllcatlona  of 
that  atratagy  for  Brasilian,  Latin 
Aaarlean  and  U.S.  aacurlty. 

saSKBlTt  Tha  raaaarch  axaalnad  kay 
laauaa  in  Brasil' a  national  aactirlty 
atratagy.  Including  tha  nuclaar 
prograeai  area  Induatry  and  waapona 
tranafarai  balllatlc  elaalla 
prograaa;  border  projacta;  and  narco- 
trafflcklng.  Tha  raaaarch  Included 
axtanalaa  travel  to  Latin  Aaarlca  and 
Waahlngton,  O.C.  Tha  raaaarch  waa 
cceparatlva  In  nature,  and  alao 
ascaadnad  national  aacurlty  laauaa 
related  to  Argentina  and  Chile. 

WLTCBTTOnBi  Tollafaon,  S.  D., 
"Brasil >  rational  Security, "  chapter 
S  In  Brasil I  a  Country  Study.  (Area 
Handbook  Series),  U.S.  Oovameant 
Printing  Office,  forthccelng. 

Tollafaon,  S.  O.  and  Bngllsb,  A.  J., 
"Chile  National  Security, "  chapter  5 

in  ChtlH _ A  Country  Study,  (Area 

Handbook  Series),  U.S.  OovarsuMnt 
Printing  Office,  forthcoelng  1994. 

Tollafsmi,  S.  0.,  "Bl  Condor  Pasai 
The  Oaadsa  of  Argentina's  Ballistic 
Missile  Prograe, "  Chapter  11  In 
Nllllae  C.  Pottar  and  Harlan  N. 

Jancks,  ads.,  Xbg _ 

Miaaila  Basaari  Tha  Mav  Suppliers' 
Hatwork.  pp.  255-277,  Boulder,  CO, 
Hastvlaw  Press,  forthcoadng  1994. 

Tollafaon,  S.  D.,  "Brasil > 
International  Ralationa,"  in  Handbook 


&£ _ bB&lB _ _ Studiaa/Social 

Sclancaa .  No.  51,  Austin:  Ukil varsity 
of  Texas  Press,  forthcoad-ng  1994. 

Tollafaon,  S.  D.,  "Argentina: 
National  Security, "  Chapter  5  In 
Argentina:  A  Country  Study,  (Area 
Handbook  Series),  U.S.  Oovamaant 
Printing  Office,  forthccatlng,  to  be 
published  1995. 

OQNPBKBNCB  PBNSBRBTZOn t  Tollafaon, 
S.  D.,  (invited),  "Proa  Collor  to 
Itasar  Franco:  U.S. -Brasilian 
Security  Relations  and  their 
Zaiplleatlons  for  Clvll-Mllltary 
Dynaalcs  in  Brasil,"  14th  Annual 
Meeting  of  the  Middle  Atlantic 
Council  of  Latin  Aaarlean  Studies, 
Pem  State  University,  University 
Park,  PA,  3  April  1993. 

Tollafaon,  8.  D.,  "Argentina  and  the 
Missile  Technology  Control  Regiae:  A 
ReassassBont,  "  34th  Annual  Convection 
of  the  International  Studies 
Association,  Acapulco,  Mexico,  25 
March  1993. 

Tollefson,  S.  O.,  (chaired  and  served 
as  discussant  on  panel) ,  "Changing 
Security  Policies  In  a  Changing  Hbrld 
Order:  lapllcations  for  Latin 
Aaerlca,"  34th  Annual  Convention  of 
the  ISA,  Acapulco,  Mexico,  25  March 
1993. 

THB8B8  DXBMCTBD:  Lundgren,  Kenneth 
S.,  CAPT,  USA,  "Brasil's  National 
Defense  Stratagy:  Prospects  for  the 
Twenty-First  Century,"  Master's 
Thesis,  June  1993,  aaln  advisor. 
Second  reader,  Dana  Byre. 
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Doo  m 


.t  Ottaar 


Kyan,  Mleliaal  B.,  LT,  XJ8M,  ■Calha 
Mortal  Bxplaining  Brasilian  Any 
Braaaaoa  in  tha  Aaason,  ■  Maatar'a  mHOMDSt  Brasil,  MUelaar,  Miaaila, 

Tliasis,  JUna  1993,  aain  advisor.  Saeurity,  AsMson. 

Baeond  raadar,  Dana  lyra. 

OlMBMs  PZ  was  visiting  rasaarehar  at 
tha  Paoultad  Latinanaricana  da 
Ciandas  Sooialas  (PZiACSO) ,  Santiago, 

Chila,  August  1993 -April  1994.  Nhila 
in  Chila,  PZ  travalad  axtanaivaly  to 
Brasil,  Argantina,  Paraguay,  and 
Uruguay. 
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POST  SOVIBT  SKCDRITY  KMVIRQIiliEIIT 
M.  Tsypkln,  Associate  Professor 
R.N.  Channell,  Lecturer 
Departaent  of  National  Security  Affairs 
Sponsor  and  Funding;  Naval  Security  Group  Svqpport  Activity 


OBJSCTIVS:  This  is  a  multlyaar 
pro j act  designad  to  dataxmina  long^ 
tarn  trands  in  tha  sacurity 
anvironinant  in  tha  post-Soviat 
statas.  This  yaar  tha  pro  j  act  has 
concantratad  on  formulation  and 
axacution  of  military  policies  of 
aajor  post-Soviat  states,  such  as 
Russia  and  Ukraine,  as  well  as  on  the 
Biilitary  policies  of  states  involved 
in  saiall-  and  medium  scale  regional 
conflicts  (Georgia,  Armenia, 
Azerbaijan) .  I  wanted  to  establish 
the  relationship  between  declaratory 
posture  and  actual  future  military 
policies  of  Russia,  the  possible 
intact  of  Ukrainian  general  purpose 
forces  on  Russian  military  posture, 
and  the  relationship  between  the 
conflicts  Transcaucasia  and  Central 
Asia  and  Russian  military  policy. 

SamtMKXs  There  is  no  inflexible 
relationship  between  declared 
Btllltary  doctrine  and  actual  sillitary 
posture  of  Russia,  due  to 
multiplicity  of  decision-making 
inputs,  fluid  political  situation, 
and  unresolved  problems  of  the 
defense  Industry.  while  Russian 
military  doctrine  emphasizes  the 
development  of  mobile  power- 
projection  forces,  there  is  no  clear 
blueprint  for  action  in  this 
direction,  although  efforts  would 
likely  be  made  to  increase  the  power 
projection  capability  of  the  Russian 
ztilitary  forces  to  act  along  Russia's 
periphery.  The  wars  in  Transcaucasia 
and  Central  Asia  are  strengthening 
this  tendency.  So  does  the  relative 
military  weakness  of  the  former 
Soviet  republics,  none  of  which  has 


substantial  general  purpose  forces. 
The  conclusion  is  that  Russia's 
military  will  resiain  centered  around 
ground  forces  and  tank-heavy,  but 
will  neverthalasa  develop  enough 
power-projection  capability  to 
exercise  decisive  influence  along  its 
periphery . 

These  ideas  were  extensively  debated 
during  a  conference  Post-Soviet 
Military  Policies:  Russia,  Ukraine 
and  others,  held  at  MPS  in  Novaid>er 
1993.  Conference  participants 
included  respected  Russian  and 
American  specialists.  Tha  sponsor 
sent  its  representative  to  the 
conference . 

PUBUCATIOH:  Tsypkin,  M.,  -Post- 
Soviet  Military  Policies:  Russia, 
Ukraine  and  Others,”  NPS  Technical 
Report,  forthcosd.ng,  (conference 
proceedings ,  including  transcribed 
debates) . 

THSSIS  DIRMCTSD:  Hove,  Richard  A. 
and  Tersch,  Eric  J.,  "COC(MI  and  the 
Future  of  Conventional  Arms  Exports 
in  the  Former  Conaunist  Bloc,” 
Master's  Thesis,  Dacead>er  1993. 

OTHER:  The  PI  is  preparing  an  edited 
book  on  the  basis  of  the  proceedings 
of  the  conference  on  Post-Soviet 
Military  Policies:  Russia,  Ukraine 
and  Others.  Informal  briefings  for 
officials  at  OSD  and  CNO. 

DOD  RET  TECHHOLOCnr  AREA:  Other. 
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OBJRCTZVR:  Th«  purpos*  of  this 
project  la  to  provide  support  to  the 
Office  of  Secretary  of  the  Navy 
by  respon  to  a  series  of  research 
questions  elated  to  arms  control 
coapllance. 

sasnKTx  This  project  will  respond 
to  a  series  of  research  questions 
posed  by  the  Office  of  the  Secretary 
of  the  Navy  concerning  future  Issues 
related  to  arms  control  conqpliance. 
The  project  Itself  actually 
represents  several  research 
initiatives,  conducted  by  faculty, 
students,  and  research  assistants, 
under  the  supervisions  of  the  PI.  In 
addition  to  these  specified  projects, 
however,  it  is  expected  that  the 
research  Initiative  will  evolve 
continuously  to  better  support  the 
office  of  the  Assistant  Secretary  of 
the  Navy.  At  the  sioment,  four  major 
research  initiatives  are  planned  for 
this  project. 
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OBJMCrXVBx  The  objective  la  to 
advance  understanding  of  French  and 
Buropean  security  policy 
developments ,  especially  regarding 
the  strategic  lavlications  of  the 
sdlltary- technical  revolution. 
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DBPARTMBIIT  OF  OCBAMOGRAPHF 


Th«  Oceanography  Department  haa  developed  a  broad  research  program  focused  on 
physical  oceanography  to  meet  the  anticipated  future  needs  of  the  Navy.  Our 
priority  basic  research  themes  are  the  development  of  scientific  capabilities  to 
measure,  analyse  and  forecast  fields  of  littoral  ocean  variables  which  occur  in 
association  with  synoptlc/mesoscale  processes  over  limited  regional  and  temporal 
domains.  The  areas  of  emphasis  Include  coastal  and  nearshore  ocean  dynamics, 
air-sea  interaction  phenooiana  and  boundary  currents.  Regions  of  Interest  Include 
the  marginal  sea  ice  zone,  coastal  ocean  regions  and  strategic  straits  of  the 
world. 

Our  priority  applied  research  themes  are  the  application  of  analyses  and 
forecasts  of  upper  ocean  synoptlc/mesoscale  variability  to  Naval  operations. 
Areas  of  emphasis  Include  the  Ispact  of  littoral  processes,  eddies  and  boundary 
currents  on  ocean  surveillance  systems,  the  effect  of  coastal  ocean  response 
stonu  on  acoustic  propagations  and  ambient  noise  and  the  Ispact  that  nearshore 
processes  exert  on  the  wave  climate  and  beach  character. 

These  research  thesMs  require  the  develoi»Mnt  of  nuiserlcal  ocean  prediction  and 
synoptic  oceanography  capabilities.  They  are  achieved  through  employment  of 
modem  dynaatlcal  and  mathematical  principles,  nuaierical  and  statistical  methods, 
conputatlonal  and  graphical  facilities,  and  in-sltu  and  resota  sensing 
observation . 

The  diverse  talents  of  the  faculty  of  the  department  are  blended  by  the  use  of 
these  various  techniques  to  solve  problems  of  common  interest.  Monterey  Bay  is 
a  convenient  laboratory  for  studying  littoral  processes.  Our  students  are 
actively  Involved  in  these  research  programs  and  participate  in  research  cruises, 
conference  presentations  and  as  co-authors  of  research  reports  and  papers.  Much 
of  our  research  results,  both  theoretical  and  applied,  are  Incorporated  into  the 
curricula  we  support.  A  summarization  of  particular  research  areas  follows 
below. 


COASTAL  AMD  MBARSHORB  OCKMiOGSRAPHY 

Professors  C.A.  Collins,  N.  Qarfleld  and  Professor  Carter  began  regular  RAFOS 
float  measurements  of  the  California  Undercurrent.  The  sponsor  for  these  studies 
is  OMR.  Professors  S.R.  Ramp,  Collins,  Garfield  and  L.  Rosenfeld  continued 
analysis  of  hydrographic  and  current  zwter  data  in  the  region  to  the  west  of  the 
Farallons.  These  studies  were  sponsored  by  the  BPA  and  the  Western  Division, 
Naval  Bnglnaerlng  Facilities  Command.  Professor  S.R.  Ramp  and  C.A.  Collins 
continued  time  series  zwasurements  of  the  current  and  water  mass  properties  over 
the  continental  slope  off  Ft.  Sur  to  study  the  long-term  seasonal  and  interannual 
variability  of  the  flow.  Prof.  Ramp  is  also  Investigating  the  masoscale 
variability  of  weakly  nonlinear  systems,  a  five  year  OMR  accelerated  research 
Initiative,  to  study  the  energy  exchanges  occurring  in  eastern  boundary  currents. 
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Qndar  •ponsorshlp  of  OMR,  Profoaaor  M.X,.  BatfcMm  is  utilising  cliMtologlcnl  data 
baaaa  for  wind  and  thaxnal  forcing  in  an  addy-rasolvlng,  prialtiva  aquation  aodal 
to  study  tha  ganaration  of  currants  and  addlas  in  tha  California  Currant  Systaa. 

Profassors  R.H.  Bourka  and  M.  Qarfiald  hava  axpandad  tha  IDIA  satallita  laagary 
library  by  acquiring  SSM/I  passive  alerowava  data  for  tha  Arctic  Ocaan.  Thasa 
data  wara  usad  to  support  atudlas  of  largo  ico  floa  autoaatad  tracking  and 
frontal  dynasd-cs  in  tha  Barents  Saa.  Tha  project  is  sponsored  by  tha  Naval  Polar 
Oceanography  Cantor  and  NFS. 

Professor  J.  D.  Paduan,  with  funding  frc»  OMR,  is  using  satollito- tracked  surface 
drifters  to  aap  tha  large-scale  horisontal  surface  convargonco  and  eddy 
statistics  in  tha  northeast  Atlantic  Ocaan.  Ho  is  conducting  Intonsiva,  singla- 
addy  surveys  of  two  features  in  tha  California  Currant  System.  With  support  from 
NPS  ha  is  undertaking  studios  of  coastal  circulation  problau  in  Monterey  Bay 
using  BP  radar-derived  currants  as  wall  as  drifting  buoys,  including  nawly- 
davolopad  OPS  drifters.  Of  particular  Interest  are  the  coastal  phenomena  of  sea 
braasa-drlvan  currants  and  topography-ganaratad  internal  tidal  currants. 

Professors  B.B.  Tbomton  and  T.P.  Stanton  are  involved  in  a  program  to  doval<v 
a  3-eosqponant  velocity  and  sediment  flux  probe  with  high  taaporal  and  spatial 
resolution  that  will  provide  a  unique  capability  to  estimate  suspended  and 
badload  sediment  fluxes. 

Professors  B.B.  Thornton,  T.  P.  Stanton  and  T.  Lippmsnn  are  developing  models  to 
predict  the  wave -Induced  three  dimensional  velocity  field  and  Induced  sadisMUit 
transport  over  arbitrary  bathymetry  in  the  nearshore  xone  under  ftmdlng  from  OMR. 
Ohder  a  separate  OMR  contract  they  are  evaluating  wave  and  current  surf  sons 
models  that  have  been  transitioned  to  the  fleet  Tactical  Bnvlronmental  Si^port 
System. 

Professor  P.C.  Cfau,  \mder  the  sponsorship  of  Naval  Oceanographic  Office  is 
conducting  a  study  on  the  coherence  time  and  length  scales  that  have  been  found 
from  the  cpnplete  hydrographic  datidiase  for  the  Yellow  Sea,  which  will  improve 
the  Navy's  Optlaum  Thennal  Interpolation  System  for  the  littoral  sones. 


ACOnSTTCAI.  OggAMOGRAPHY 

Professors  R.H.  Bourke,  C-S.  Chiu,  and  J.H.  Miller  continued  their  analysis  of 
the  data  collected  diirlng  the  cosdslned  hydrographic-acoustic  tomographic 
eaperiment  in  the  Barents  Sea.  Current  meter,  ADCP,  and  CTD  observations  all 
indicate  the  Isportance  of  tidal  forcing  in  modulating  the  Barents  Sea  Polar 
Front.  Tomographic  cross-sections  of  sound  speed  show  blobs  of  warm  water 
migrating  upslope  at  two  hour  Intervals.  OMR  is  tha  sponsor  of  this  work. 

Professors  R.H.  Bourke  and  J.H.  Wilson  analysed  tha  ambient  noise  record  tvem 
three  Ica-aiounted  buoys  drifting  in  the  Arctic  Ocean  north  of  Franz  Josef  Zmnd. 
They  are  particularly  Interested  in  the  effect  of  storms  generating  high  noise 
levels.  The  sponsor  is  the  Naval  Oceanographic  Office. 
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ProfMaors  R.B.  Bourka  and  J.B.  Wilaon  ara  davaloping  a  pradlctlva  anbiant  nolaa 
B»dal  for  subiaarlnaa  oparatlng  in  tha  Arctic  Ocaan  which  will  foracaat  parioda 
of  axtramaly  loud  (>9Sth  parcantila  laval)  and  quiat  (<5th  parcantila)  nolaa 
lavala.  Tha  spoaaor  la  NPS. 

Profaaaora  C-S.  Chiu  and  L.B.  Ly  ara  davaloping  and  aaaaaaing  a  mathod  to 
aaalmilata  acouatlc  tomography  data  into  coaatal  ocaan  nodala  for  nowcaatlng 
purpoaaa.  Tha  raaaarch  is  aponaorad  by  ONR. 

Profaaaora  C-S.  Chiu,  J.B.  Millar,  and  A.J.  Sastnar  ara  conducting  alaulation 
atudlaa  of  tha  variability  of  long-ranga,  low-fraguancy  aound  tranamlaalon  ualng 
tha  output  form  tha  Samtnar-Charvln  global  addy-raaolving  ocaan  mdal.  Thia 
raaaarch,  daaignad  to  datact  algna  of  global  warming,  ia  aponaorad  by  TICSD/ATOC. 

Profaaaora  J.B.  Millar  and  C-S.  Chiu  ara  invaatigating  tlma-domaln  acouatlc 
algnal  procaaaing  and  propagation  modaling  tachnlquaa  for  tha  localization  of 
aourcaa  of  acouatlc  tranalant  algnala.  Thia  raaaarch  ia  aponaorad  by  HDWC. 


AIR-SEA  niTKRACTIQlf  AND  OCKAM  TORBULBIICK 

Profaaaor  T.P.  Stanton,  with  aupport  from  QHB,  ia  Involvad  in  a  raaaarch  program 
daaignad  to  daf  ina  tha  dynamica  controlling  ocaan  mlxad  layar  f  luxaa  balow  Arctic 
Laada.  Ha  alao  ia  davaloping  an  acouatlc-baaad  aadlaiant  flux  proba  for  naarshora 
bottom  boundary  layar  atudlaa  undar  joint  Amty  Corpa  of  Bnglnaara  and  OMR 
aponaorahlp . 

Profaaaor  R.W.  Garwood,  Jr.  ia  aponaorad  by  OMR  and  NPS  to  invaatigata 
Maditarranaan  Saa  and  Labrador  Saa  daap  convaction.  Submarlna  obaarvationa  of 
polar  and  sub-polar  oceanic  convaction  ara  conquered  with  coaputar-slmulatad 
convaction. 

Profaaaor  Garwood  has  received  an  NSF  grant  to  study  tha  rola  of  turbulent  mixing 
in  the  Arctic  system  of  ocean- Ica-atmosphora  interactions.  Two  forsis  of 
conditional  instability  for  daap  mixing  have  bean  discovered  that  stay  explain 
deep  water  fonoation  in  the  polar  seas  and  its  impact  on  tha  global  conveyor  bait 
of  deep  tharmohalina  circulation. 


NDMBRICAT.  PRBnTmON  AMD  DATA  ASSHHLATIOW 

ntidar  sponsorship  of  the  National  Science  Foundation,  Professor  A.J.  Samtnar,  JT. 
is  conducting  simulations  and  assimilating  satellite  altimeter  data  using  a 
free -surface  formulation  of  a  global  eddy- resolving  ocean  modal  capable  of 
solutions  at  1/4  degree  grid  size.  For  another  project  supported  by  tha 
Department  of  Energy,  he  has  transitioned  his  global  ocaan  modal  with  1/6  degree 
grid  size  onto  massively  parallel  computers  for  use  in  ocaan  heat  transport 
calculations  related  to  climate  studies. 

under  sponsorship  of  NSF,  Professor  Bsttssn  has  extended  her  modeling  efforts  to 
study  tharsial  and  wind  forcing  affects  on  tha  eastern  boundary  currant  region  off 
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1l«at«rn  Australia.  This  rasaarch  has  rasultad  in  tha  first  addy-rasolving  a»dal 
sisnilation  of  tha  Laauwin  Currant  and  of  addins  off  Nastam  Australia. 

Pxofasaor  K.  Cartar  continuad  stuuias  on  data  assimilation  into  nuaarical  oeaan 
a»dals  with  tha  goal  of  Improving  masoscala  ocaan  foracasts.  Tha  sponsors  for 
this  work  ara  HPS  and  ONR. 

nndar  tha  sponsorship  of  NPS,  Profassor  P.C.  Chu,  is  davaloping  a  naw  diagnostic 
syst«n  (P-vactor  mathod)  for  computing  3-D  ocaan  circulation  from  hydrographic 
data.  Ha  is  also,  undar  tha  sponsorship  of  tha  Offica  of  Naval  Rasaarch, 
implamanting  a  naw  South  China  Saa  pradiction  systam  that  has  baan  davalopad 
basad  on  tha  Princaton  turbulant  closura  modal.  This  rasaarch  is  contributing 
to  a  racantly  initiated  international  South  China  Saa  Monsoon  Bxparimant. 


MARIKB  OPmXTIONS 

Mr.  P.  Jassan  and  Profassex  C.A.  Collins  managed  shipboard  support  for  MPS  at-saa 
rasaarch  projects  off  tha  central  California  coast.  Savanty-nina  days  of 
operations  wars  carried  out  on  tha  R/v  Pt.  Sur  and  an  additional  forty-six  days 
at  saa  ware  supported  on  other  research  vassals  Including  tha  DSNS  DaStaiguar  and 
0SNS  Bartlett.  Students  and  faculty  participating  in  thasa  shipboard  projects 
included  tha  Dapartmants  of  Oceanography,  Meteorology  and  Physics.  The  sponsor 
for  this  project  is  tha  Commander,  Naval  Oceanography  Command.  NPS  acquired  tha 
Point  Sur  SOSDS  array  and  it  is  baing  used  in  a  variety  of  raaaarch  projects. 

Professor  O’.  R.  Clynch,  with  funding  from  NISB-Nast,  conducted  studies  to  improve 
tha  aircraft  landing  systam  in  Antarctica  using  OPS  and  also  evaluated  tha 
merging  of  OPS  data  with  tha  TACAN  systam. 
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MODEL rWG  STUDIES  OF  EDDIES  IN  EASTERN  BOUNDARY  CURRKNT  REGIOWS 
M.L.  Batteen,  Aaar elate  Professor 
C.S.  Nelson,  Captain,  NQAA 
Department  of  Oceanogfraphy 
Sponsor:  Office  of  Naval  Research 
Funding:  Naval  Postgraduate  School 


OBOBCnVE:  Th«  objective  of  this 
project  is  to  better  understand  the 
roles  of  forcing  mechanisms  in 
eastern  boundary  current  (BBC) 
regions,  particularly  the  BBC  regions 
of  California,  Chile,  Portugal  and 
Western  Australia.  The  ultimate  goal 
is  to  understand  eddy  generation 
mechanisms  in  each  region  well  enough 
to  provide  a  basis  for  prediction  in 
the  BBC  and  other  dynamically  similar 
regions . 

STnsOJtT:  Different  types  of  forcing 
(e.g.,  wind  and  thermal)  have  been 
Incorporated  into  an  existing 
priadtive  equation  model .  The  effects 
of  each  mechanism  have  been  analyzed 
by  varying  the  type  of  forcing.  In 
particular,  we  have  focused  on  cases 
of  wind  and  thermal  forcing  in  a 
flat-bottomed  ocean.  Preliminary 
results  show  the  development  of 
eddies  and  jets.  Model  Inqprovements 
in  these  studies  have  been  to 
Incorporate  topography  and  finer 
horizontal  and  vertical  resolution 
(to  loo):  at  fronts)  . 

PUBLICATIOMS:  Batteen,  M.L., 
Rutherford,  M.J.,  and  Bayler,  B.J., 
"A  Numerical  Study  of  Hind-  and 
Thermal -Forcing  Bffects  on  the  Ocean 
Circulation  off  Western  Australia, " 
Journal  of  Physical  Oceanography. 
Vol.  22,  pp.  1406-1433,  December 
1992. 

Batteen,  M.L.,  Rutherford,  M.J.,  and 
Baylor,  B.J.,  "A  Numerical  Study  of 
Wind-  and  Thermal -Forcing  Bffects  on 
the  Ocean  Circulation  off  Western 
Australia, ■  Research  Activities  in 


Atziospheric  and  Oceanic  Modeling. 
George  J.  Boer,  ed.,  WMO/JSC  Worlcing 
Group  on  Numerical  Bxperlsientatlon, 
Report  No.  18,  p.  8.19,  January  1993. 

Tlsch,  T.,  Ramp,  S.,  Haney,  R., 
Collins,  C.,  and  Batteen,  M., 
"Assessing  the  Bnergetic  Interactions 
of  Subtidal  Flow  on  the  Continental 
Slope  off  Point  Sur,  CA  from  Moored 
Current  Meter  Measurements,” 
Abstracts  from  the  Bastem  Pacific 
Ocean  Conference,  p.  10,  October 

1992. 

Batteen,  M.L.,  Mitchell,  R.P.,  Tsai, 
P.T.,  and  Nelson,  C.S.,  "Process- 
Oriented  Modeling  Studies  of  Wind 
Forcing  Bffects  on  West  Coast  Ocean 
Circulations,”  Transactions  of  the 
American  Geophysical  Union.  Vol.  73, 
p.  75,  October  1992. 

Mitchell,  R.P.,  Batteen,  M.L.,  and 
Tsai,  P.T.,  "Visualization  of 
Process -Oriented  Modeling  Studies  of 
Wind  Forcing  Bffects  on  West  Coast 
Circulations,"  Transactions  of  the 
American  Geophysical  Union.  Vol.  73, 
p.  75,  October  1992. 

Batteen,  M.L.,  Tsai,  P.T.,  and 
McClean,  J.,  "Visualization  of 
Process -Oriented  Modeling  Studies  of 
Hind  Forcing  in  the  California 
Current  System, "  Third  Scientific 
Meeting  of  the  Oceemoaraphy  Society. 
Abstracts.  13-COB-135,  p.  19,  J^rll 

1993. 

Mitchell,  R.P.  and  Batteen,  M.L.,  "A 
Numerical  Study  of  Seasonal  Wind 
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CA,  Dacaabar,  1992. 


rorcing  Sffacta  on  tha  California 
Currant  Syatam, "  NFS  Tachnical  Raport 
MPS-OC-93-001,  March  1993. 

OOnmMMd  PSKSKVTATXGMSt  Tiach,  T., 
Raap,  S.,  Hanay,  R.,  Collina,  C.,  and 
Battaan,  M. ,  "Assaaaing  tha  Bnargatic 
Intaraetiona  of  Subtidal  Flow  on  tha 
Continantal  Slopa  off  Point  Sur,  CA 
from  Moorad  Currant  Matar  Maaaura- 
aMnts,”  Baatam  Pacific  Ocaan 
Confaranca,  Nt.  Hood,  OR,  Octobar 
1992. 

Battaan,  M.l..,  Mitchall,  R.P.,  Taai, 
P.T.,  and  Halaon,  C.S.,  "Procaaa- 
Oriantad  Kodaling  Studiaa  of  Wind 
Forcing  Rffacta  on  Hast  Coast  Ocaan 
Circulations,"  Asiarican  Oaophysical 
onion  Fall  Masting,  San  Francisco, 
CA,  Dacasdbar  1992 . 

Mitchall,  R.P.,  Battaan,  M.L.,  and 
Tsai,  P.T.,  "Visualization  of 
Procaas-Oriantad  Modaling  Studias  of 
Wind  Forcing  Bf facta  on  Wast  Coast 
Circulations,"  Aaarican  Oaophysical 
Onion  Fall  Masting,  San  Francisco, 


Battaan,  M.Zi.,  Tsai,  P.T.,  and 
McClaan,  J. ,  "Visualisation  of 
Procaas-Oriantad  Modaling  Studias  of 
Wind  Forcing  in  tha  California 
Currant  Systam, "  Tha  Ocaanograpfay 
Sociaty  Third  Scisntific  Masting, 
Saattla,  WA,  April  1993. 

OTHBRi  Battaan,  M.L.,  Bacon,  J.L., 
and  Nalson,  C.8.,  "A  Numarical  Study 
of  tha  Bffacts  of  Saasonal  Wind 
Forcing  on  tha  Chila  Currant  Systan, " 
Journal  of  Ocaanoaraohy.  subad.ttad. 

TBBSXS  DIRBCTBDt  Mitchall,  R.P.,  LT, 
OSH,  "A  Munarical  Study  of  Saasonal 
Wind  Forcing  Bffacts  on  tha 
California  Currant  Systam,"  Mastar's 
Thasis,  March  1993. 

DOD  BBT  TBCSBOLOOr  ARBAt  Bnviron- 
mantal  Bffacts. 

KBTWORDBt  Coastal  Oceanography,  Ocaan 
Modaling,  Ocaan  Circulation. 


424 


RBGIQIIS 

M.L.  Batteen,  Associate  Professor 
C.S.  Nelson,  Captain,  NQAA 
Departnent  of  Oceanography 
Sponsor  and  Funding:  Office  of  Naval  Research 


OBJSCriVS:  Th«  obj«etiv«B  of  this 

pro j act  ara  to  provlda  tha  physical 
undar standing  nacassary  for  high 

rasolution  ocaan  pradiction  in 

aastam  boundary  currant  (BBC) 

ragions,  and  to  understand  the 

nachanisiDB  responsible  for  the 

formation  and  rasolution  of  eddy 
structures  in  BBC  regions. 

SOBOUnrx  a  high-resolution,  multi¬ 
level  prladtiva  aquation,  regional 
ocaan  siodal  has  bean  used  to 

Invastlgata  tha  generation  and 

dynasilcs  of  currents  and  eddies  in 
the  California  Current  System  (CCS) . 
The  process -oriented  modeling  studies 
used  cllauitological  data  bases  for 
wind  and  thermal  forcing  for  the 
region . 

FOBUCATICMS:  Battaan,  N.L., 

Mitchell,  R.P.,  Tsai,  P.T.,  and 

Nelson,  C.S.,  "Process-Oriented 
Modeling  Studies  of  Wind  Forcing 
Bffacts  on  Hast  Coast  Ocaan 
Circulations , "  Transactions  of  the 
Jtaarican  Geophysical  Onion.  Vol.  73, 
p.  75,  October  1992. 

Mitchell,  R.P.,  Batteen,  M.L.,  and 
Tsai,  P.T.,  "Visualization  of 
Process -Oriented  Modeling  Studies  of 
Wind  Forcing  Bffacts  on  West  Coast 
Ocean  Circulations , "  Transactions  of 
the  Aaxerican  Geophysical  Dhion,  Vol. 
73,  p.  75,  October  1992. 

Tlsch,  T.,  Ran^,  S.,  Haney,  R., 
Collins,  C.,  and  Batteen,  M. 
"Assessing  tha  Bnergetlc  Interactions 
of  Subtidal  Flow  on  the  Continental 
Slope  off  Point  Sur,  CA  from  Moored 
Current  Meter  Measurements," 


Abstracts  from  tha  Bastem  Pacific 
Oronn  Conference,  p.  10,  October 


Mitchell,  R.P.  and  Batteen,  M.L.,  "A 
Numerical  Study  of  Seasonal  Wind 
Forcing  Bffacts  on  the  California 
Currant  System, "  NPS  Technical  Report 
NPS-OC-93-001,  March  1993. 

CQMFKRBHCB  PRSSBHXAnOMx  Batteen, 
M.L.,  Mitchell,  R.P.,  Tsai,  P.T.,  and 
Nelson,  C.S.,  "Process -Oriented 
Modeling  Studies  of  Wind  Forcing 
Bffacts  on  Nest  Coast  Ocean 
Circulations , "  American  Geophysical 
union  Fall  Meeting,  San  Francisco, 
CA,  December  1992. 

Mitchell,  R.P.,  Batteen,  M.L.,  and 
Tsai,  P.T.,  "Visualisation  of 
Process -Oriented  Modeling  Studies  of 
Wind  Forcing  Bffacts  on  West  Coast 
Ocean  Circulations,"  American 
Geophysical  union  Fall  Meeting,  San 
Francisco,  CA,  Decsoibar  1992. 

Tisch,  T.,  Raxap,  S.,  Haney,  R., 
Collins,  C.,  and  Batteen,  M. , 
"Assessing  the  Bnergetlc  Interactions 
of  Subtidal  Flow  on  the  Continental 
Slope  off  Point  Sur,  CA  from  Moored 
Current  Mater  Measurements , "  Bastem 
Pacific  Ocean  Conference,  Mt.  Hood, 
OR,  October  1992. 

OTBSRx  Batteen,  M.L.,  Bacon,  J.L., 
and  Nelson,  C.S.,  "A  NusMrical  Study 
of  the  Bffacts  of  Seasonal  Wind 
Forcing  on  the  Chile  Current  System,  " 
Journal  of  Oceanography,  submitted. 

DOD  KMT  TBCHHOLOOr  ASMAx  Bnvlron- 
mental  Bffacts. 
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USMORDSt  Coastal  Ocaanography, 
Ocaan  Modaling,  Ocaan  Circulation. 


roPY-RBSOLVUiO  MODEHMG  8TUDXM8  OF  THl  LTOWIW  CDMmT 
N.L.  Battattn,  Aaaociata  Profasaor 
D^artaant  of  Ocaanography 
Sponsor  and  Funding:  National  Scianea  Foundation 


OBjaCTXVB:  Tha  overall  goals  of  thia 
raaaareh  ara  to  carry  out  procaas- 
oriantad  modeling  studiaa  to 
invastigata  tha  ganaration  and 
stability  of  currants  and  eddies  in 
tha  Laauwin  Currant  region,  and  to 
batter  dascriba  the  contributing 
forcing  siachanisma  and  thair  relative 
importance .  To  carry  out  those 
goals,  wa  proposed  to  axtsnd  tha 
eddy- resolving,  procass-oriantad 
Biodaling  studies  of  Battaan  and 
Rutherford  (1990)  and  Battaan  at  al. 
(1992)  by  adding  tha  following 
faaturas  to  tha  modal:  (1) 
continuously  forcad  ocaan  thermal 
forcing  and  ocaan  wind  forcing;  (2) 
seasonally  forcad  ocaan  thermal 
forcing  and  wind  forcing;  (3)  bottom 
forcing  capability;  and  (4)  axtansion 
of  tha  modal  domain  to  include  tha 
Southern  Australia  coastal  region. 
These  faaturas  will  allow  us  to 
systasuitlcally  invastigata  tha  roles 
of  ocean  and  thermal  forcing,  and 
bottom  topography,  in  tha  ganaration 
and  stability  of  currants  and  addles 
in  tha  Laauwin  Currant  region,  and  to 
batter  dascriba  tha  contributing 
forcing  siachanisma  and  their  relative 
importance . 

SUMHARTi  During  this  first  year  of 
funding,  wa  have  examined  tha  affects 
on  the  Laauwin  Currant  off  Nastarn 
Australia  whan  tha  first  two  faaturas 
ara  added  to  tha  modal,  i.a.,  (1) 
continuously  forcad  ocaan  tharsial 
forcing  and  wind  forcing;  and  (2) 
seasonally  forcad  ocaan  tharmal 
forcing  and  wind  forcing. 


Preliminary  results  show  tha 
following I 

Tha  combination  of  wind  and  thermal 
cycles  allows  the  formation  of  tha 
Horth  Mast  Shelf  waters  and  sub¬ 
sequently  triggers  tha  release  of 
poleward  flowing  North  Nest  Shelf 
waters.  This  additional  forcing 
produces  a  strong  surge  in  poleward 
flow  during  tha  austral  autumn.  A 
nonlinear  faadbac):  swchanlam  acts  to 
extend  tha  duration  of  this  flow 
through  tha  austral  winter. 

Comparisons  with  observations  show 
that  tha  BK>dal  is  able  to  closely 
follow  the  seasonal  variations  In  tha 
strength  and  character  of  the  Laauwin 
Currant.  Tha  associated  undercurrent 
and  flow  variability  (addles)  ara 
also  reproduced  with  cloaa 
resemblance  to  observations. 

PUBLICATIONS:  Battaan,  M.L., 
Rutharford,  M.J.  and  Baylar,  B.J.,  "A 
Numarlcal  Study  of  Wind-  and  Thermal- 
Forcing  Bffacts  on  tha  Ocaan  Circula¬ 
tion  off  Wastam  Australia,  "  Journal 
of  Physical  Oceanography.  Vol.  22, 
pp.  1406-1433,  Dacambar  1992; 

a^i^BPharic 

and  Oceanic  Modeling.  Oaorga  J.  Boar, 
ad. ,  WMO/J3C  Working  Group  on 
Numerical  Experimentation.  Report  No. 
18,  p.  8.19,  January  1993. 

DOD  RNT  TBCBNOLOOr  ARNAx  Bnvlron- 
mantal  Bffacts. 
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KBXNORDSt  Coastal  Oceanography 
Ocaan  Modaling,  Ocaan  Circulation 


rwitTP  TW  xurrxc  MMtniB  SCIEMCE 
R.H.  Bourke,  Professor 
Departaent  of  Oceanography 

Sponsor  and  Funding:  Office  of  Haval  Research  and  the 
Naval  Postgraduate  School 


(WJSCTXVS:  To  fostar  oceanographic 
research  in  the  Arctic,  acquaint 
naval  officer  students  with  Arctic 
problems,  reduce  results  of  pure 
research  to  operational  usage  and 
publicize  Navy  Interest  in  the 
Arctic. 

SUNMAKT:  Professor  Bourke  served  as 
administrator  of  the  Chair  handling 
such  details  as  selecting  Chair 
candidates,  writing  IPA's  and 
proposals  and  setting  up  visits  euid 
seminars  for  the  Chair  incumbent . 
Dr.  James  H.  Wilson,  a  private 
consultant,  was  the  Chair  Incxmdsent 
during  1993.  He  had  a  particularly 
busy  year  at  NPS  being  heavily 
involved  in  teaching  and  research. 
In  addition  to  lectxiring  in  the  polar 
oceanography  course,  he  taught  an 
ocean  acoustics  course  which  he 
modified  to  increase  the  stibject 
matter  related  to  shallow  water 
acoustics.  He  is  the  thesis  advisor 
for  five  students  and  significantly 
assisted  the  research  endeavors  of 
two  others.  In  response  to  the 
changing  Arctic  warfare  threat,  he 
conducted  an  extensive  review  of  the 
state  of  knowledge  of  Arctic  shallow 
water  acoustic  propagation  and 
ambient  noise  capability  based  upon 
observations  and  modeling.  He  also 


wrote  two  scholarly  publications, 
each  now  in  the  final  stages  of  the 
review  process.  He  attended  several 
other  major  conferences,  presenting 
papers  at  each. 

PQBLICATIOa:  Bourke,  R.  H. ,  Wilson, 
J.H.,  and  Buck,  B.M.,  "Survey  of 
Acoustic  Results  for  Arctic  Shallow 
Water, "  NUWC-NPT  Technical  Document 
10,485,  August  1993. 

COnFHRBICR  PRHSBnATIOHS:  Wilson, 
J.H.,  "Tomographic  Inverse 
Beamforming, "  Annual  Pall  Keating  of 
the  Acoustical  Society  of  AsMrica, 
Denver,  CO,  November  1993 . 

Wilson,  J.H.,  "Backus -Gilbert  Inverse 
Theory  Applied  to  the  Inverse 
Beamforming  Integral  Equation, "  Naval 
Research  Laboratory,  Washington, 
March  1993 . 

Wilson,  J.H.,  "Wilson  Shallow  Water 
Frequency  Disperson  Phenomenon, " 
Naval  Air  Warfare  Center,  Warminster, 
PA,  June  1993. 

DOD  EXT  TBCBHOL06T  AXBA:  Environ¬ 
mental  Effects. 

XKXNORDS:  Arctic  Ocean,  Sea  Ice, 
Ambient  Noise. 
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R.H.  Bourka.  Professor 
R.G.  Paquette,  Rseritus  Professor 
Department  of  Oceanography 
Sponsor  and  Funding:  Kaval  Oceanogra^ile  Office 


OBJSCTXVS:  Th«  purpos*  of  thla 
pro j act  was  to  analyza  tha  aabiant 
nolsa  data  acquirad  from  thrae  Ica- 
nountad  buoys  which  drlftad  with  tha 
lea  from  April  1992  to  tha  prasant  in 
tha  Arctic  Ocaan  to  tha  north  of 
Frans  Josaf  Land. 

StMUART:  Data  hava  baan  acqulrad 
from  MAVO  for  bvoy  position  and  nolsa 
aaplituda.  It  appaars  that  two  of 
tha  thraa  buoys  hava  groundad 
(Hovambar  1993)  in  tha  shallow  watars 
northaast  of  Franz  Josaf  Land.  Data 
aditing  to  fill  data  gaps,  ramova 
spurious  data  and  to  incramant  nolsa 
lavals  and  positions  on  an  hourly 
basis  hava  baan  conqplatad.  Data 
analysis  and  corrslation  with  storm 


passaga  will  contlnua  in  1994.  A 
thasis  dascribing  tha  rasults  of  thla 
work  will  ba  publishad  in  8«ptaebar 
1994.  A  papar  dascribing  tha  nolsa 
fiald  frosi  thraa  nolsa  buoys  drifting 
naar  Svalbard  was  publishad. 

PPSLICSTTOWt  Bourka,  R.H.  and 
Parsons,  A.R.,  "Asibiant  Moisa 
Charaetaristics  of  tha  Horthwastam 
Barants  Saa,”  Journal  of  Acoustical 
Sociatv  of  Ajaarica.  Vol.  94,  MO.  5, 
pp.  2799-2808,  1993. 

DOO  HR  namOLOar  ARHA:  Bnviron- 
mantal  If facts. 

KBSMORDS:  Arctic  Ocaan,  Barants  Saa, 
Saa  Xca,  AUblant  Nolsa. 
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PHY8ICM.  ocKAMPOBAm  OF  m  ABTic  ocm 
R.H.  Bourke.  Professor 
R.6.  Paquette,  BMritiis  Professor 
Sponsors:  Arctic  Siihsuirine  Ziaboratory  (MUNC)  end  the 
Naval  Postgraduate  School 
Funding:  Naval  Postgraduate  School 


(ffiJBCTlVX:  The  purpose  of  this 
project  was  to  analyze  the 
conductlvlty-tenqperature-depth  (CTD) 
data  collected  by  a  submarine 
operating  in  the  Arctic  Ocean  during 
March  and  April  in  order  to  establish 
the  scientific  usefulness  of  such 
data  and  to  Identify  procedures  that 
might  yield  even  more  useful  results. 

ninsuni  Raw  CTD  data  on  diskettes 
have  been  processed  in  6 -hour  tisM 
series  and  plotted  to  visually  locate 
interesting  oceanographic  phenomena 
such  as  eddies,  fronts  and  interbasin 
variability.  The  data  have  been 
corrected  for  substantial  tenqperature 
and  salinity  errors  based  on 
coa^arison  with  vertical  CTD  casts 
made  from  a  manned- ice  cao^.  Near 
the  ice  cao^  over  a  period  of  about 
25  days,  a  series  of  both  warm  and 
cold  core  eddies  have  been  identi¬ 
fied.  From  the  ascents/descents  of 
the  submarine,  vertical  CTD  profiles 


have  boon  constructed.  Those  have 
assisted  in  our  eddy  analysis  and  in 
illustrating  intorbasln  differences 
in  water  properties.  Due  to  vessel 
depth  restrictions,  the  results  of 
this  work  have  had  to  be  reported  at 
the  SBCRST  level  as  an  NFS  technical 
report.  The  results  of  this  work 
served  as  a  major  impetus  for 
conducting  a  sisdlar  eddy  survey  from 
a  STibnarine  in  August  1993. 

PTOLICATIONt  Paquette,  R.O.  and 
Bourke,  R.B.,  "The  Dse  of  a 
Submarine -Mounted  Conductivity- 
Teoperature -Depth  Recorder  in  the 
Arctic  (0) , *  MPS  Technical  Report 
MPS-OC-93-003,  September  1993. 

DOD  m  nCCBMODOOT  ARXA:  Bnviron- 
mantal  Effects. 

xnilORDS:  Arctic  Ocean,  Beaufort 
Sea,  CTD,  Arctic  Bddlos. 
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P9SK  »>g83tMXlATIgM  MOPiMB 
B.P.  Carter,  Aaalatant  Profaaaor 
Dapartawnt  of  Oeaanograpby 
Sponsor  and  Funding:  Office  of  Naval  Research 


OBJICTIVB:  This  project  considers 
the  problem  of  ssslalletlng 
observations  of  ocean  data  into  an 
evolving  nvmerical  model  of  the  ocean 
dynasties. 

SUWDUlTt  Progress  of  great 
significance  on  this  project  was 
achieved  during  this  period  of  time. 
The  introduction  of  stochastic 
calculus  to  the  problem  has  allowed 
solving  all  the  scientific  issues. 
While  there  are  some  iiqportant 
technical  issues  on  this  problem  that 
need  to  be  address,  the  scientific 
problem  has  now  been  solved.  A 
scientific  paper  describing  this 
achievement  is  now  in  preparation  for 
publication  in  a  professional 
journal. 

PUBUCATIOHS:  Song,  T. ,  Rossby,  T., 
and  Carter,  B.P.,  "bagrangian  Studies 
of  Fluid  Exchange  between  the  Gulf 
Stream  and  the  Surrounding  Waters," 
Journal  of  Physical  Oceanography,  in 


press . 

Rossby,  T.,  Fontaine,  J. ,  and  Carter, 
B.F.,  "The  f/h  Float  •  Measuring 
Stretching  Vorticlty  Directly,"  Deep 
Sea  Research,  in  press. 

COMnRBKS  PBBBaRAnOMt  Carter, 
B.F.,  "Data  Assisdlation  into 
Nonlinear  Stochastic  Models," 
Department  of  Oceanography,  HP8, 
October  1993. 

OTBBRt  Carter,  B.F,  "The  Use  of 
Simulated  Annealing  for  Nonlinear 
Bstlstation. " 

Carter,  B.F.,  Miller,  R.N.  and 
Qoodlett,  S.B.,  "Data  Assisdlation 
into  Nonlinear  Stochastic  Models.” 

DOD  BBT  TMCHMOMOr  AKSAt  Bnvlron- 
mental  Bffects. 

XBTWORD8:  Data  Assisdlation. 
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vamos  OCEMt  KS^rars  amp  ppKnTPTTfy 
P.C.  Chu,  Aasociate  Professor 
Department  of  Ocesnograpfay 
Sponsor  and  Funding:  Kaval  Postgraduate  School 


aSJBCnVBt  Th«  goal  of  this  pro j  act 
was  to  davalop  a  naw  Naval  Ocaan 
Analysis  and  Pradlctlon  Lab  to  aaat 
tha  Navy's  raquiramant  of  ocaan 
pradlctlon. 

SOMNART:  A  naw  diagnostic  systam  has 
baan  davalopad  for  thraa  dioMnslonal 
agaostrophlc  ocaan  circulations  by 
using  tha  hydrographic  data  sats. 
This  naw  SMthod  was  provad  to  ba  a 
usaful  tool  for  ocaan  analysis.  Two 
ralabursabla  funds  from  tha  Navy  wara 
obtalnad. 

FUSLICATIOSa:  Chu,  P.C.,  "Thraa 

Dlsanaional  Paudovortlclty  Fiald  in 
tha  Nast  Spitsbargan  Currant,"  Polar 
Mataoroloov  A  Ocaanoaraphv,  Vol.  10, 
pp.  117-120,  1992. 

Chu,  P.C.,  "Thraa  Dlmanslonal  Kastam 
Graanland  Saa  Circulation  Con^utad 
from  a  CTD  Data  Sat,"  Ocaan- 
Ata»aphara-Ica  Intaraction.  Vol.  1, 
pp.  61-64,  1992. 

Chu,  P.C.,  Konstandlndinis,  S., 
Jassan,  P.,  and  Collins,  C.A.,  "C- 

Vector  Nathod  darlvad  Thraa 
Dlsiansional  Circulation  in  Farallona 
National  Sanctuary,  BOS . 
Tvawaqtions .  Vol .  89,  1992. 

Chu,  P.C.  and  Kuo,  Y.H.,  "South 
Atlantic  Thraa  Dlmanslonal 
Psaudovorticlty  Fiald  Coa^utad  from 
Hydrographic  and  Surface  Air  Data 
Sats,"  Southern  Hemisphara 
Mataoroloov  and  Ocaanooraohy.  Vol.  4, 
pp.  52-53,  1993. 

Chu,  P.C.,  "Intrinsic  Thanoodynamlc 


Tima-Scalas  of  tha  Atmosphara-Ocaan- 
Cryosphara  Climate  Systam, "  Olobal 
Change  Studies.  Vol.  4,  pp.  433-438, 
1993. 

Chu,  P.C.,  "Generation  of  Low- 
Fraquancy  Unstable  Modes  in  a  Coupled 
Bquatorial  Troposphere  and  Ocaan 
Mixed  Layer  Modal , "  Journal  of 
X  >-it>rfT>har  ic  Sciancaa .  pp.  731-749, 
1993. 

CQMFKBBKM  PKMSORATXQaS i  Chu,  P.C., 
"Intrinsic  Thanaodynamical  Tims 
Scales , "  Fourth  Symposium  on  Global 
Change  Studies,  American  Mataoro- 
logical  Society,  Anaheim,  CA,  17-22 
January  1993. 

Chu,  P.C.  and  Kuo,  T.H.,  "South 
Atlantic  Thraa  Dimensional  Psaudo- 
Vortlcity  Fiald,"  Fourth 
International  Confaranca  on  Southern 
Hemisphara  Meteorology  & 
Oceanography,  Hobart,  Australia,  29 
March  -  2  J^ril  1993. 

Chu,  P.C.,  "Thraa  Dimensional 
Vorticity  Field  in  Atlantic  Ocaan, " 
Tha  Oceanography  Society  Meeting, 
Seattle,  NA,  12-17  i4>ril  1993. 

OTBBR:  Chu,  P.C.,  "P-Vactor  Method 
for  Determining  North  Atlantic 
Circulation  from  Hydrographic  Data, " 
submitted  to  Journal  of  Physical 
Oceanography . 

DOD  KBT  TBCHNOLOGT  ARHA:  Bnviron- 
mental  Effects. 

KXXWOKDS :  Modeling . 
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P.C.  Chu,  Aflsociata  Professor 
Depertaent  of  Ocesnography 
Sponsor  and  Funding:  Office  of  Kaval  Research 


OBdSCTXVSt  Th«  goal  of  thia  projact 
waa  to  davalop  an  ocaan  pradletlon 
ayataa  for  tha  South  China  Saa  and  to 
Invaatlgata  ita  affact  on  tha  couplad 
ataoaphara- ocaan  ayataa  In  tha 
aguatorlal  Pacific  Ocaan. 

SOBIhKrx  A  naw  South  China  Saa 
pradletlon  ayataa  haa  baan  davalopad 
baaad  on  tha  Prlncaton  turbulant 
cloaura  aodal.  Thia  raaaarch  alao 
eontrlbutaa  to  a  raeantly  initlatad 
Intamatlonal  South  China  Saa  Konaoon 
Kq^arlaant . 

P0BLICAT10S8:  Chu,  P.C.  and  Kuo, 
Y.H.,  "South  Atlantic  Thraa 
Dlaanalonal  Paaudovortlclty  Flald 
Coaiputad  froa  Hydrographic  and 
Surface  Air  Data  Sata,"  Southam 
Haaiaphara  Mataoroloov  and 
Ocaanographv.  Vol.  4,  pp.  52-53, 
1993. 

Chu,  P.C.,  "Oanaratlon  of  Low- 
Praquancy  Una  table  Modaa  in  a  Couplad 
Bquatorlal  Tropoaphara  and  Ocaan 


Kixad  Layer  Kodal,  ■  Journal  of 
pharic  Sciancaa.  pp.  731-749,  1993. 

Li ,  C .  C . ,  Chu,  P .  C . ,  Ko ,  D .  8 . ,  and 
Mooara,  C.M.K.,  "A  Huaarieal  Modal 
for  South  China  Saa  Pradletlon, " 

Apfripap _ Oaophvaical  Onion 

Tranaaetiona.  p.  352,  1993. 

COHFPHSCM  PBBSBRATZOnt  Chu,  P.C. 
and  Kuo,  Y.H.,  "South  Atlantic  Thraa 
Dlmanalonal  Paaudo-Vortielty  Plaid, " 
Fourth  Intamatlonal  Confaranea  on 
Southern  Haakiaphara  Meteorology  6 
Oceanography,  Hobart,  Auatralla,  29 
March  -  2  April  1993. 

Chu,  P.C.,  Li,  C.C.,  Ko,  D.S.,  and 
Mooara,  C.M.K.,  "South  China  Saa 
Ocaan  Prediction  Syatae, "  Aeariean 
Oaophyaieal  Union  Pall  Maatlnga,  San 
Pranciaeo,  CA,  6-10  Dacaaibar  1993. 

D<H>  KBY  TBCBNOLOOY  ABBA:  Bnriron- 

aiantal  Bf facta. 

KBYMOBDSx  Modeling. 
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ItllTOiytf.  S9H1  QCBMf  PUBPICrKW  gTffM 

P.C.  Chu,  Associata  Profassor 
Oapartaant  of  Ocaanograpliy 
Sponsor  and  Funding:  Maval  Ocaanographlc  Offica 


(XBJSCnVBi  Th«  goal  of  this  imilti- 
yoar  pro j act  was  to  laprova  littoral 
sons  naval  ocaan  pradlction  systaas 
in  tha  aouthaast  Aslan  raglonal  saas 
by  (1)  studying  tha  ralatlonshlp 
batwaan  tha  saa  surfaca  taiq>aratura 
and  subsurfaea  thamal  structura,  (2) 
Invastlgatlng  tha  horizontal 
coharanca  langth  scalas,  and  (3) 
laplsBMntlng  ocaan  circulation 
nodals . 

SQMDUnra  Tha  coaqplata  databasa  for 
tha  Yallow  Saa  taziparatura  and 
salinity  (approxlaata  50,000  pro- 
filas)  has  baan  Installad  and 
procassad.  All  tha  nacassary  softwara 
for  tha  rasaarch  has  baan  transfarrad 
from  HAVOCKAHO  to  HPS  as  wall  as 
built  up  in  MPS.  A  nusiarical  modal 


for  tha  South  China  Saa  has  also  baan 
astablishad. 

POBUCCATICMt  Li,  C.C.,  Chu,  P.C., 
Ko,  D.S.,  and  Mooars,  C.M.K.,  *A 
NUzMrical  Modal  for  South  China  Saa 
Pradlction, ■  Amarican  gaophvsical 
Union  Transactions,  p.  352,  1993. 

COHPKBSMCB  PBBSaRakTiaMt  Chu,  P.C., 
Li,  C.C.,  Ko,  D.S.,  and  Mooars, 
C.M.K.,  "South  China  Saa  Ocaan 
Pradlction  Systam, ■  Amarican 

Oaophysical  Union  Fall  Maatings,  San 
Francisco,  CA,  €-10  Dacambar  1993. 

DCO  XST  TTCEHOILOOY  ABSA:  Bnvlron- 

skantal  Bf facts. 

KKXWOBDS:  Modeling . 


433 


OBJBCnVB:  Th«  obj*ctlv«  of  this 
pro j act  ia  to  davalop  a  small -domain, 
hlgh-rasolution  coastal  ocaan 
circulation  modal  with  afficiant  data 
intagratlon  and  assimilation 
capabllitlas  for  ocaan  nowcasting. 
This  systam  will  optimally  asaimilata 
various  typas  of  data  including 
raaota  sanslng  and  acoustic 
tomographic  maaauramants . 

SIMMhXT:  Na  hava  davalopad  a 
curvlllnaar  coastal  ocaan  circulation 
modal  basad  on  tha  Gulf  Straam  modal 
of  Nallor.  K  major  modal  iaq>rovafflant 
that  wa  hava  accoB^llshad  was  tha  usa 
of  grid  ganaratlon  tachnlquas  to 
focus  tha  computation  and  rasolutlon 
in  tha  shallow  watar  araas.  This 
coastal  modal  is  working  vary  wall 
for  tha  Madltarranaan  with  high 
rasolutlon  (221X71) .  Na  ara 
currantly  simulating  a  tomographic 
array  in  a  200x200  km  ragion  (tha 
Gulf  of  Slrta  off  Libya)  and 
conducting  Idantlcal-twln  data 
asslsiilatlon  coaqputar  axparimants 


using  tha  coastal  modal  and 
tomographlcally  darivad  tamparatura 
sllcas.  Diract  Insartion  SMthod  is 
balng  Invastlgatad  at  this  momant. 
Wa  will  also  invastigata  nudging 
mathods  by  tha  and  of  this  yaar.  Naxt 
yaar,  wa  will  invastigata  statisti¬ 
cally  optlsuil  BMthoda  that  would 
assiskllata  acoustic  tomography  traval 
tima  data  dlractly  into  our  coastal 
Biodal.  Nora  importantly,  wa  will 
also  addrass  tha  limitation  and 
practicality  isauas  naxt  yaar. 

COMRRBKB  PSSSBRhXXOHt  Ly,  L.N., 
Luong,  P.,  and  Chiu,  C.-S.  "Applica¬ 
tion  of  Grid  Ganaratlon  Tachnlquas 
for  Coastal  Ocaan  MOdaling, ■  Fall  AO0 
Maatlng,  San  Francisco,  CA,  1993. 

DOO  KNT  TSCHNOLOOT  ABBAt  Sansors, 
Blactronic  Davlcas,  Snvlronmantal 
Bf facts. 

XXXifOKDS:  Coastal  Ocaan  Nodal, 

Acoustic  Tomography,  Data 
Assimilation . 
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KA  TCTiOGRAPHY 


C.-S.  Chiu,  Associate  Professor 
R.H.  Bourke,  Professor 
Department  of  Oceanography 
J.H.  Miller,  Assistant  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Office  of  Naval  Research 


OBJSCnVB:  In  August  1992,  a  shelf 
toBiography  experiment  was  conducted 
in  the  Barents  Sea  east-southeast  of 
Bear  Island.  The  objective  of  the 
experiment  was  to  study  the  local 
dynamics  of  the  Barents  Sea  Polar 
Front  using  acoustic  tomography 
coupled  with  traditional 
oceanographic  techniques .  A  vertical 
telemetered  hydrophone  array  and 
three  tomography  sound  sources  were 
deployed  In  a  square  configuration 
enclosing  the  frontal  zone. 

SnSMART:  Analysis  of  the  hydrographic 
data  in  1993  was  centered  on  defining 
the  teiiq>oral  and  spatial  character¬ 
istics  of  the  Bear  Island  shelf  break 
front;  auialyzing  the  nine  current 
meter  records  to  establish  mean 
currents,  their  spatial  variability, 
spectral  disposition  and  kinetic 
(eddy  )  energy  content;  describing 
the  water  mass  characteristics  and 
geostrophic  circulation  pattern;  and 
examining  the  relative  cos^onents  of 
the  tidal  forcing.  Detailed 
bathymetric  and  sound  speed  data 
between  the  acoustic  source  and 
vertical  receiving  array  were 
determined  for  use  in  the  tomographic 
inversion  process.  Space- time  signal 
processing  techniques  were  used  to 
detect,  identify  and  track  individual 
acoustic  ray  and  modal  arrivals  from 
one  of  the  sources  to  the  vertical 
array  along  a  cross-front  section.  A 
hybrid  stochastic  ray-mode  inverse 
method  was  developed  for  mapping  the 
cross -frontal  thermal  structure  in 
this  complex  shallow  shelf 
environment,  where  modes  are  strongly 


coupled  and  ray  geometries  are 
coaplex.  This  method  is  based  on 
spectral  deconposition  of  the 
solution  and  stinlsil  ration  of  an 
objective  function.  The  input  data 
are  the  travel  time  perturbations  of 
the  beamformed  rays  and  modes.  This 
technique  provides  for  optlaial  sound 
speed  maps  having  silnimum  siean  square 
errors.  In  addition,  the  technique 
gives  error  and  resolution  estimates 
which  are  essential  to  oceanographic 
interpretation  of  the  tomographic 
images.  A  time  series  of  cross - 
frontal  images  of  ocean  temperature 
was  produced  by  applying  this 
technique  to  the  acoustic  travel  tlsw 
perturbation  data.  These 
tomographically  derived  temperature 
distributions,  covering  the  ocean 
from  the  surface  to  the  bottcxa  (with 
a  nominal  depth  of  200  m)  over  a 
range  of  35  km,  were  produced  every  5 
min  over  a  tidal  period.  The 
distributions  show  thermal  structures 
consistent  with  vertical  turbulent 
mixing  in  the  lower  portion  of  the 
front  on  a  time  scale  of  about  2 
hours,  wave-like  TOtions  in  the 
thermocline,  and  frontal  oscillations 
consistent  with  local  barotropic  and 
baroclinlc  tidal  forcing. 

PDBLICATIOHS:  Chiu,  C-S.,  Miller, 
J.H.,  and  Lynch,  J.F.,  "Inverse 
Techniques  for  Coastal  Acoustic 
Tomography, ”  in  Proceedings  of  the 
1993  International  Conference  on 
Theoretical  and  Computational 
Acoustics,  1993,  accepted. 

Miller,  J.H.,  Chiu,  C-S.,  and  Lynch, 
J.F.,  "Signal  Processing  for  Coastal 
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Acouatlc  Tomography, "  in  Procaadinga 
of  tha  1993  Intarnational  Confaranca 
ou  Thaoratlcal  and  Coiqiutatlonal 
Acouatlca,  1993,  accaptad. 

Von  Dar  Haydt,  K.,  Kaa^,  J.,  Lynch, 
J.F.,  Hlllar,  J.H.,  and  Chiu,  C.-S., 
"Shallow  Hatar  Tomography  in  tha 
Baranta  Saa  uaing  LAN  Talamatry, " 
Wooda  Kola  Ocaanographlc  Inatltutlon 
Tachnlcal  Raport,  Octobar  1992. 

Von  Dar  Haydt,  R.,  Kamp,  J.,  Lynch, 
J.P.,  Miller,  J.H.,  and  Chiu,  C.-S., 
"Barents  Sea  Shallow  Water 
Tomography,"  Sea  Technology.  pp. 
55-59,  August  1993. 

OOMnSBICS  PRBSBHTATIOHS:  Chiu,  C- 
S.,  Millar,  J.H.,  and  Lynch,  J.F., 
"Inverse  Techniques  for  Coastal 
Acoustic  Toaiography, "  Intarnational 
Conference  on  Theoretical  and 
Coaqkutational  Acoustics,  Mystic,  CT, 
5-9  July  1993.  (Invited). 

Millar,  J.H.,  Chiu,  C-S.,  and  Lynch, 
J.F.,  "Signal  Processing  for  Coastal 
Acoustic  Tomography, "  International 
Confaranca  on  Theoretical  and 
Conq>utatlonal  Acoustics,  Mystic,  CT, 
5-9  July  1993.  (Invited). 

Lynch,  J.F.,  Chiu,  C-S.,  and  Miller, 
J.H.,  "Forward  Modeling  for  Coastal 
Acoustic  Tomography, "  International 
Conference  on  Theoretical  and 
Conqputational  Acoustics,  Mystic,  CT, 
5-9  July  1993.  (Invited). 

Bourlce,  R.H.,  Chiu,  C-S.,  Lynch, 


J.F.,  Millar,  J.H.,  Muanch,  R.O.,  and 
Pluaddamann,  A.J.,  "Initial  Results 
From  tha  Barents  Saa  Polar  Front 
BxpariBMnt,"  Fall  AOU  Meeting,  San 
Francisco,  CA,  7-11  Dacambar  1992. 

Muanch,  R.D.,  Lynch,  J.F., 
Pluaddamann,  A.J.,  Bourka,  R.B., 
Chiu,  C.-S.,  and  Millar,  J.H.,  "A 
Physical  Oceanographic  and  Acoustic 
Toatographlc  Survey  of  a  Shalf/Slope 
Front,"  3rd  Sciantiflc  Meeting  of  tha 
Oceanography  Society,  Seattle,  NA, 
April  1993. 

THKSKS  DIRSCTKD:  Sagos,  Qaorga  A., 
"A  Three -Dimensional  Coupled  Normal 
Mode  Modal  for  Sound  Propagation  in 
Shallow  Water  with  Irregular  Bottom 
Bathymetry, "  MS  in  Bnginaaring 
Acoustics  and  MS  in  Blactrical 
Bnginaaring,  Dacambar  1992. 

Mylcyta,  John  L.,  "Prediction  of 
Planawava  Baamformad  Arrival 
Structure  for  tha  Acoustic 
Transmission  in  the  1992  Barents  Saa 
Polar  Front  Bxperlmant , "  MS  in 
Meteorology  and  Physical 
Oceanography,  September  1993 . 

OTFBR:  Video  movie  of  the 
tomographic  Inverse  solution. 

DOD  BBT  TBCHMOLOCnr  ABBA:  Sensors, 
Blectronlc  Devices,  Bnvlronmantal 
Bf  facts. 

XBTIfORDS:  Shsllow  Water,  Acoustics, 
Tomography,  Frontal  Dynamics. 
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GLOBAL  ACOUSTIC  PATH  VARIABILITY  STDDY 
C.-S.  Chiu,  Associate  Professor 
A.J.  Semtner,  Professor 
Department  of  Oceanography 
J.H.  Miller,  Assistant  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  UCSD  -  ATOC  Project  Office 


OBJBCrrVB:  The  objective  o£  this 
project  is  to  provide  acoustic 
modeling  support  for  the  Acoustic 
Thermometry  of  Ocean  Climate  (ATOC) 
Project.  This  international  research 
effort  Involver.  making  decadal 
measurements  of  cross -baa in  acoustic 
travel -time  variability  to  monitor 
greenhouse  warming. 

SUMMARY:  Specifically,  our  modeling 
work  simulates  the  Influence  of  ocezui 
fronts,  eddies  and  seasonal  cycles  on 
cross -basin  acoustic  transmissions 
using  the  Semtner-Chervln  Eddy- 
Resolving  Global  General  Circulation 
Model  (SCGCM)  and  the  Hamiltonian 
Acoustic  Ray tracing  Frcgram  for  the 
Ocean  (HARPO) .  The  simulated 
acoustic  variability  is  analyzed  to 
assist  ATOC  in  the  selection  of 
optimal  source  and  receiver  sites. 

PUBLICATIONS:  Lynch,  J.F.,  Newhall, 
A.E.,  Chiu,  C.S.,  and  Miller,  J.H., 
"Three-Dimensional  Ray  Acoustics  in  a 
Realistic  Ocean, "  in  Coupled  Ocean 
Prediction  and  Acoustic  Propagation 
Models.  Robinson  and  Lee,  eds., 
American  Institute  of  Physics,  1993. 


Chiu,  C.S.,  Semtner,  A.J.,  Ort,  J.H., 
and  Miller,  J.H.,  "A  Ray  Variability 
Analysis  of  Sound  Transmission  from 
Heard  Island  to  California, ”  Journal 
of  Acoustical  Society  of  America. 
1993,  accepted. 

Chiu,  C-S.,  "Downslope  Modal  Energy 
Conversion, "  Journal  of  Acoustical 
Society  of  America,  in  press. 

Chiu,  C-S.,  "Downslope  Modal  Energy 
Conversion,"  ATOC  Occasional  Motes, 
Mo.  10.,  1993. 

COHFHSmKS  PRKSMHTATIOH:  Denner, 
W.W.,  Lashkari,  K.,  Miller,  J.H.,  and 
Chiu,  C.-S.,  "Possible  Uses  of 
Subnutrine  Canyons  in  Acoustic 
Thermometry, "  Mew  Orleans  ASA 
Meeting,  31  October  -  4  Movember 
1992. 

DOD  XBY  TECHNOLOGY  AREA:  Sensors, 
Environmental  effects. 

KETWORDS:  Climate,  Global  Ocean, 
Acoustic  Thermometry. 
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GPS  ANTARCTIC  LANDING  SYSTEM;  ACCDRACY  AMD 
TnwnsPTTBPTf!  OTIfHCyS  STDDY 
J.R.  Clynch,  Research  Professor 
Department  of  Oceanography 
Sponsor  and  Funding:  NIST-West,  Vallejo,  CA 


OBJSCTIVK:  The  aircraft  landing 
system  at  the  OS  bases  In  Antarctica 
must  be  replace  In  the  next  3-4 
years.  GPS  Is  the  primary  candidate 
system  for  use  In  this  remote  site. 
There  are  several  special  features 
about  the  geometry  and  environment 
that  need  to  be  addressed  before  a 
firm  decision  is  made  to  use  GPS  for 
this  flight  critical  application. 
The  objective  of  this  work  Is  to 
design  and  execute  experiments  and 
studies  to  provide  the  necessary 
information  for  that  decision. 

SOMART:  An  experiment  deployed  to 
McKurdo  Antarctica  from  January 
through  December  1992  and  data  were 
returned  to  NPS  1992  for  analysis. 
These  data  showed  that  at  McMurdo, 
the  occurrence  of  lonospherlcly 
Induced  signal  problems  was 
essentially  non-existent. 

In  addition  to  the  data  from  the  NPS 
experiment,  GPS  data  taken  at  South 
Polo  Station  by  the  US  Geological 
Survey  during  1992  was  obtained  from 
their  archives.  This  did  show 
tracking  anomalies  that  need  careful 
further  analysis.  The  difference  In 
stations  Is  probably  due  to  their 
different  locations  in  magnetic  co¬ 


ordinates.  McMurdo  is  very  near  the 
magnetic  pole  and  In  the  polar  cap 
region  while  South  Pole  Station  is  In 
the  southern  auroral  oval.  To  further 
study  this,  some  of  the  NPS  equlpswnt 
was  moved  to  South  Pole  Station  for 
data  collection  in  the  1993/4 
seasons . 

During  this  year  flight  test  of  a 
prototype  GPS  landing  systems  were 
performed  at  PT  Mugu  NAS  by  VXS6. 
The  data  from  these  tests  was 
analyzed.  In  addition,  an  experiment 
on  the  tracking  of  the  movement  of 
the  McMurdo  runway  (which  is  on  an 
ice  sheet)  was  deployed. 

As  part  of  the  tracking  of  the 
commercial  developments  of  GPS 
landing  system,  the  principle 
investigator  served  on  a  coonittee 
developing  specifications  for 
Category  I  GPS  landing  system.  The 
report  of  that  committee  is  being 
transformed  into  a  order  by  the  PAA 
expected  in  early  1994. 

DOD  XKT  TBCHHODOGT  ANNA:  Electronic 
Devices,  Environmental  Effects. 

KETNORDS:  GPS,  Aircraft  Landing 
Systems. 
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CALIFORNIA  UMDERCURRKNT  STDDIKS 
C.A.  Collins,  Chairman  and  Professor 
N.  Garfield,  Research  Assistant  Professor 
B.  Carter,  Assistant  Professor 
R.  Paquette,  Emeritus  Professor 
Department  of  Oceauiography 

Sponsor  and  Funding:  Office  of  Naval  Research  and  the 
Naval  Postgraduate  School 


OBJBCTIVS;  To  understand  the 
dynaalcs  and  kinematics  of  the 
California  xmdercurrent  off  Central 
California.  The  following  questions 
formed  the  basis  for  our  investi¬ 
gation.  What  is  the  mean  pattern  of 
poleward  and  equatorward  flow  off  Pt. 
Sur?  What  are  the  poleward  transports 
of  heat  and  salt?  Is  the  California 
undercurrent  continuous  along  the 
west  coast,  or  is  it  a  series  of 
discontinuous  currents?  Is  there  a 
reference  level  that  can  be  used  for 
geostrophic  calculations:  How  can 
various  velocity  measuring  techniques 
be  used  in  a  consistent  manner? 

SUMORT:  The  California  Current  and 
Undercurrent  were  observed  in  each  of 
19  research  cruises  between  April 
1998  and  April  1991.  The  Under¬ 
current  core  location  varied  between 
43  and  70  km  offshore.  The  depth  of 
the  core  of  the  current  was  found 
aro\md  a  depth  of  200  m.  The  extent 
of  poleward  flow  was  usually  within  a 
triangular  shaped  region,  extending 
from  the  surface  nearshore  down  to  at 
least  700  m  (often  much  deeper)  along 
the  slope,  thence  to  the  surface 
approximately  70  km  offshore.  The 
confuted  poleward  transport  varied 
from  3  to  7  Sv.  The  north- south 
coB^onent  of  flow  was  often 
barotroplc  in  character  across  the 
continental  slope,  but  the  east-west 
component  of  flow  was  strongly 
sheared,  with  the  flow  in  the  upper 
200  m  exceeding  the  flow  at  depth. 
This  variability  was  from  eddies 
present  along  the  sanpllng  line. 


To  Investigate  the  continuity  of  the 
alongshore  flow,  we  began  deploying 
RAFOS  floats  from  a  location  east  of 
the  Farallon  Islands  and  over  the 
continental  slope.  While  we  are  just 
beginning  to  receive  data  from  the 
floats,  two  floats  remained  in  the 
Undercurrent  and  ware  carried  north 
of  42  N. 

Final  processing  of  Pegasus  and  CTD 
data  were  coa^leted  during  1993. 
Research  papers  are  now  being 
written. 

PUBUCATIOH:  Garfield,  M.,  Rago, 
T.A.,  Schnebele,  K.J.,  and  Collins, 
C.A.,  "Evidence  of  a  Turbidity 
Current  in  Monterey  Submarine  Canyon 
associated  with  the  1989  Lome  Prleta 

Earthquake,  "  Continental _ Shelf 

Research,  in  press. 

COHFBRBHCB  P R B S BHT AT I OM : 
Rischmiller,  F.W.,  Garfield,  H. , 
Collins,  C.A.,  and  Rago,  T.A., 
■Seasonal  Variability  of  Ocean 
Currents  off  Pt.  Sur,  California  from 
May  1988  to  April  1991,"  1993  Fall 
Meeting,  American  Geophysical  Uhion, 
San  Francisco,  CA,  6  December  1993. 

THESES  DIRBCTED:  Rischmiller,  F.W., 
LT,  USM,  "Seasonal  Variability  of 
Ocean  Currents  off  Pt.  Sur, 
California  from  May  1988  to  April 
1991,"  Master's  Thesis,  December 
1993. 

Negron,  A.J.,  LCDR,  USN, 
"Measurements  of  Currents  Across  the 
Continental  Margin  off  Point  Sur, 
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California,  during  March  1989" 
Maatar'a  Thaaia,  March  1993. 


HOD  MR  TMCHMOUWr  ASSht  Snvlron- 
■antal  Iff acta. 


UZHUHDS:  Ocaan  Circulation, 
Abaoluta  Valoclty  Maaauraaanta, 
Baatam  Pacific  Circulation. 


Pi.tn«  TBACMTiio  mm  KAF08  FLOATS 
C.A.  Collins,  Chalxasn  and  Professor 
H.  Garfield,  Research  Assistant  Professor 
Departaent  of  Oceanography 
Sponsor  and  Funding:  National  Oceanic, 
AtaK>apheric  Adninistratlon  and 
National  Science  Foundation 


OBJICTXVIx  Tha  objactiva  of  thia 
raaaarch  waa  to  provida  aciantlata 
Involvad  in  tha  North  Pacific  VBMTS 
program  with  aubaurfaca  ocaan 
drlftara  which  could  ba  uaad  to  tag 
and  track  aubaiurfaca  ocaan  thamal 
pluaaa  aadttad  froa  tha  mid-ocaan 
ridga  araa. 

rasiAITx  In  aarly  July  1993,  unuaual 
aalaalc  activity  on  tha  Juan  da  Fuea 
ridga  waa  datactad  by  NOAA 
aciantlata .  A  Canadian  raaaarch 
vaaaal  waa  divartad  to  tha  araa  and 
BMaaurad  a  larga  aubaurfaca  thannal 
pluaa  ovar  tha  ridga.  Thraa  RAFOS 
aubaurfaca  Lagranglan  ocaan  dlftar 
f  loata  wara  aubaaquantly  praparad  and 
ballaatad.  An  Auguat  1993  cruiaa  to 
tha  Juan  da  Puca  Ridga  carriad  thaaa 
floata  with  tha  intant  of  laxmchlng 


tha  floata  into  tha  aubaurfaca 
tharaal  pluaM .  Tha  pluaM  waa  not 
found,  but  ona  of  tha  floata  waa 
launchad.  Thia  float  will  aurfaea  in 
ona  yaar  (July  1994)  and  will  provida 
tha  fir  at  daap  ocaan  l,agrangian 
auiaauraaMnta  in  tha  north  aaatam 
Pacific.  Tha  othar  two  floata  will 
bo  carriad  and  daployad  on  futura 
VBNTS  crulaaa. 

OIHAHt  Thia  work  waa  a  quick 
roaponaa  offort  that  raaultad  free 
unuaual  aoiaad.c  activity  on  JUan  da 
Fuca  ridga. 

DOD  XR  TBCasOUMFr  AIBAi  Sanaora, 
InvironBMntal  If facta. 

KRMOROS:  Daap  Ocaan  Circulation, 
Ocaanic  Bydrothoreal  Pltnaa. 
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CIRCOIATION  ON  THE  CONTIliyMTAT.  fiHULF  AMD  SLOPE  MEAK  THE 

FXBAT.t^M  ISLAMDS.  CA 
C.A.  Collins,  Chairman  and  Professor 
S.R.  Ramp,  Associate  Research  Professor 
N.  Garfield,  Assistant  Research  Professor 
L.K.  Rosenfeld,  Assistant  Research  Professor 
M.  Noble,  uses,  Menlo  Park,  CA 
F.  Schwing,  Visiting  Professor 
Department  of  Oceanography 

Sponsor:  WESTDIV,  Naval  Facilities  Engineering  Command 
Funding:  U.S.  Environmental  Protection  Agency, 

U.S.  Army  Corp  of  Engineerings, 

NESTDIV  and  USGS 


OBJBCTIVX:  To  describe  the  ocean 
circulation  over  the  continental 
shelf  and  slope  near  the  Farallon 
Islands,  CA,  particularly  as  it 
pertains  to  the  dispersal  of  dredged 
material  which  may  dunqped  in  the  area 
at  ocean  dumpsites  whose  exact 
location  has  not  yet  been  designated. 
We  will  provide  scientific  input  to 
aianagers  at  WESTDIV  and  EPA  who  will 
be  making  the  site  designation 
decisions. 

SUUmRT:  The  approach  is  to  use  a 
series  of  5  high-resolution  shipboard 
hydrographic  and  ADCP  surveys  to 
resolve  the  spatial  variability  over 
the  study  region  at  different  times, 
and  combine  this  information  with 
data  from  six  current  meter  moorings 
in  the  region  which  resolve  the 
temporal  variability  well  but  have 
llsiited  spatial  coverage.  Satellite 
AVHRR  data  is  used  extensively  to 
interpret  both  the  moored  and 
shipboard  results.  In  the  analyses, 
Drs.  Collins,  Schwing,  and  Garfield 
focused  on  the  hydrographic  data, 
Drs.  Rosenfeld  and  Ramp  worked  on  the 
ADCP  data,  and  Drs.  Rasp  and  Noble 


performed  the  current  meter  data 
analysis.  Results  have  appeared  in 
the  form  of  data  reports,  and 
technical  reports  to  the  sponsors. 
Currently,  we  are  preparing  journal 
publications  for  the  refereed 
literature. 

CONFERENCE  PRESENTATION:  Noble,  M. 
and  Rasp,  S.R.,  "The  Subtidal  Currant 
Field  Observed  over  the  Continental 
Slope  near  the  Farallones  Islands, 
CA, "  EPOC,  October  1993. 

THESES  DIRECTED:  Hays,  Kevin,  LT, 
USN,  "A  Water  Mass  Analysis  of  the 
1991-1992  El  Niiio  Signal  in  the 
Farallon  Islands  Region,”  Master's 
Thesis,  March  1993  (Rasp,  advisor) . 

Montenegro,  Gonzalo,  LT,  Ecuador 
Navy,  "Three  Dimensional  Vortlclty 
Field  in  the  California  Current 
System,"  Master's  Thesis,  March  1993. 

DOD  KEY  TECHNOLOGY  AREA:  Sensors. 

KEYWORDS:  Environmental  Effects, 
Littoral  and  Ocean  Circulation. 
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MARIMB  OPgRATIOMS 

C.A.  Collins,  Chalrnan  and  Professor 
P.  Jessen,  Oceanographer 
Departswnt  o£  Oceanography 
Sponsor:  Commander,  Naval  Oceanography  Command 
Funding:  Naval  Postgraduate  School 


OBJSCTIVBS:  To  provide  administra¬ 
tive  and  logistical  support  for 
shipboard  operations  necessary  for 
research  and  instruction. 

SnSMIBT:  The  marine  operations 
program  supported  66  days  at  sea  in 
FY93  on  the  R/V  Point  Sur. 

Activities  included  the  Operational 
Oceanography  course  (OC  3570}  in 
spring  and  fall  quarters  and 
Descriptive  Physical  Oceanography  in 
fall,  winter,  spring  and  summer 
quarters.  Has tern  Boundary  Current 
cruises  were  carried  out  in  April  and 
May,  and  meteorological  cruises  were 
staged  in  October  and  August. 

The  marine  operations  program 
maintains  equipment  which  is 
routinely  used  at  sea:  CTDs,  XBTs, 
and  shipboard  data  acquisition 
system.  Two  NBIS  Mar]c  III  CTDs  were 
transferred  to  NPS  from  the  Naval 
Coastal  Systems  Lab  and  ware 
refurbished  for  our  use. 
Salinomaters  and  calibration 
facilities  are  also  maintained.  The 
program  actively  Interfaces  with 
other  local  ship  users  through  the 
Central  California  Consortium 
(CBMCAL) ,  with  other  national 
academic  ship  users  through  the 
University  National  Laboratory 
Systems  (UNOLS)  ,  and  with  Navy 
research  vassals  through  the  Naval 
Oceanographic  Office.  Two  mooring 
buoys  are  maintained  near  the  Coast 
Ouard  pier  in  Monterey  Harbor  for  use 
by  academic  research  vessels. 


DeSteiouer  in  J^ril  1992  have 
continued.  The  fall  OC3570  course 
was  staged  from  La  Pax,  B.C.,  Mexico, 
repeating  the  DeSteiouer  measurements 
over  the  Christmas/Naw  Year  holiday. 
Data  from  both  cruises  have  bean 
analyzed,  revealing  strong  Inflow 
into  the  Gulf  along  Sinaloa  with 
outflow  along  Baja  California. 
Results  have  been  discussed  by 
Spearman  (1993)  and  Garfield,  at  al 
(1993)  .  Additional  sioaauroBMnts  are 
planned  for  1994  using  Mexican 
research  vessels. 

PUBLICATIONS:  Chu,  P.C.,  "Three 
Dimensional  Pseudovortleity  Field  in 
the  West  Spitsbergen  Current, ”  Polar 
Meteorology  t  Oceanography.  Vol.  10, 
pp.  117-120,  1992. 

Chu,  P.C.,  "Three  Dloiansional  Bastem 
Greenland  Sea  Circulation  conputed 
from  a  CTD  Data  Sot, "  Oe«*n- 
Atmosphere-Ice  Interaction.  Vol.  1, 
pp.  61-64,  1992. 

Chiu,  C.S.,  Somtnor,  A.J.,  Ort,  J.H., 
and  Millar,  J.H.,  "A  Ray  Variability 
Analysis  of  Soimd  Transadsaion  from 
Heard  Island  to  California, "  Journal 
of  the  Acoustical  Society  of  America. 
1993,  accepted. 

Garfield,  M.A.,  Rago,  T.A.,  Schnobale 
K.J.,  and  Collins,  C.A.,  "Kvldonco  of 
a  Turbidity  Current  in  Monterey 
Submarine  Canyon  associated  with  the 
1989  Loma  Prlata  Barthquake," 
Continental  Shelf  Research,  in  press. 


Activities  begun  at  the  entrance  to 
the  Gulf  of  California  on  USNS 
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The  Leadex  Group,  including  T.  P. 
Stanton  "the  LoadBx  Axporltiont, "  BOS. 
Vol.  74,  No.  35,  August  ,1993. 


milttr,  J.H.,  Lynch,  J.F.,  Chiu, 
C.S.,  W«atr«ich,  B.L.,  Gerber,  J.S., 
Hippenetlel,  R.,  and  Chaulk,  B., 
"Acoustic  MeasuraiBants  of  Surface 
Gravity  Nave  Spectra  in  Monterey  Bay 
using  Mode  Travel  Tiaie  Fluctuations , " 
Journal  of  the  Acoustical  Society  of 
America.  Vol.  94,  No.  2.1,  pp.  954- 
974,  1993. 

Jessan,  P.F.  and  Ran^,  S.R., 
"Hydrographic  and  Acoustic  Doppler 
Current  Profiler  (ADCP)  Data  from  the 
ONR  Bastem  Boundary  Current 
Accelerated  Research  Initiatives," 
NPS  Technical  Report,  MPS-OC-93-006, 
1993. 

Von  Dor  Heydt,  K. ,  Ken^,  J.,  Lynch, 
J.F.,  Miller,  J.H.,  and  Chiu,  C.-S., 
"Barents  Sea  Shallow  Water 
Tomography,"  Sea  Technology.  pp. 
55-59,  August  1993. 

Locke,  J.G.,  Rago,  T.A.,  Collins, 
C.A.,  Garfield,  N.,  and  Jessen,  P.F., 
"Bydrographlr;  Data  from  California 
Waters  between  the  Santa  Rosa/Cortas 
Ridge  and  the  Farallones,"  NPS 
Technical  Report  NPS-OC-93-002, 
August  1993 . 

CCHUrBHMMCB  PRBSBNTATI(»S :  Bourke, 
R.R.,  Chiu,  C-S.,  Lynch,  J.F., 
Miller,  J.H.,  Muench,  R.D.,  and 
Plueddemann,  A.J.,  "Initial  Results 
from  the  Barents  Sea  Polar  Front 
Bicperiment, "  Fall  AGU  Meeting,  San 
Francisco,  CA,  7-11  December  1992. 

Chiu,  C-S.,  Lynch,  J.F.,  and  Miller, 
J.H.,  "Scattering  from  Frontal 
Structures,  Internal  Tides,  and 
Internal  Waves  during  the  1992 
Barents  Sea  Polar  Front  Bs^eriment," 
Denver  ASA  Meeting,  4-8  October  1993, 
(Invited) . 

Chu,  P.C.,  TConstandlndinis,  S., 
Jessen,  P.,  and  Collins,  C.A.,  "C- 
Vactor  Method  derived  Three 
Dimensional  Circulation  in  Farallones 


National  Sanctuary, "  1993  Fall 

National  Meeting,  American 
Geophysical  Onion,  San  Francisco,  CA, 
6  December  1993. 

Garfield  N. ,  Rago,  T.A.,  Spearman, 
M.G.,  Collins,  C.A. ,  Mascarenhas,  A., 
Sanchez-Davora,  A.,  ud  Navarro- 
Olache,  L.,  "Hydrographic  and  Pegasus 
Observations  at  the  Mouth  of  the  Gulf 
of  California, "  1993  Bastem  Pacific 

Oceanography  Conference,  Stanford 
Sierra  Camp,  Fallen  Leaf  Lake,  CA. 

Muench,  R.D.,  Lynch,  J.F., 
Plueddemann,  A.J.,  Bourke,  R.H., 
Chiu,  C.-S.,  and  Miller,  J.H.,  "A 
Physical  Oceanographic  and  Acoustic 
Tomographic  Survey  of  a  shelf/Slope 
Front,"  3rd  Scientific  Meeting  of  the 
Oceanography  Society,  Seattle,  NA, 
April  1993. 

Noble,  M.  and  Ramp,  S.R.,  "The 
Subtidal  current  field  observed  over 
the  Continental  Slope  near  the 
Farallones  Islands,  CA, "  BPOC, 
October  1993. 

Paduan,  J.D.  and  Cook,  M.S., 
"Drifting  Buoy  Observations  of  Bddies 
in  the  Bastem  Boundary  Current," 
40th  Bastem  Pacific  Conference, 
Stanford  Sierra  Caaqp,  Fallen  Leaf, 
CA,  21-23  October  1993. 

Rischmiller,  F.W.,  Garfield,  N. , 
Collins,  C.A.,  and  Rago,  T.A., 
"Seasonal  Variability  of  Ocean 
Currents  off  Pt.  Sur,  California  from 
Nay  1988  to  Kpril  1991,"  1993  Fall 

National  Meeting,  American 
Geophysical  union,  San  Francisco,  CA, 
6  December  1993. 

Stanton,  T.P.,  "Stmctura  of 
Turbulent  Boundary  Layers  under 
Refreezing  Arctic  Leads, "  TOS  3rd 
Scientific  Meeting,  Abstract  2-GCH- 
120,  Seattle,  WA,  13-16  April  1993. 
Stanton,  T.P.  "Observations  of  Shear, 
Dissipation  and  Stress  Below  Oceanic 
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wind  Wavaa  Walng  Coharant  Acoustic 
Profilers, "  Synposiua  on  Tha  Air-Sas 
Zntarfaca,  Marsaillas,  Pranca,  24-30 
J^a  1993. 

tHABWa  DIRBCriDt  Chunbinho,  R.P.A, 
LT,  Portuguese  Wavy,  "Objective 
Analysis  of  a  Coastal  Sddy  Osing 
Satellite  AVHRR  and  In  Situ 
Bydrographic  Data,"  Master's  Thesis, 
Septesiber  1993. 

Cross,  P.S.,  LT,  DSN,  "A  Cosqparison 
of  Observed  and  Modeled  Coastal 
Diurnal  Mixed  Layer  Behavior," 
Master's  Thesis,  Dacenbar  1993. 

Poster,  M.D. ,  LCDR,  DSN,  "Evolution 
of  Diurnal  Surface  Winds  and  Surface 
Current  for  Monterey  Bay,"  Master's 
Thesis,  Dacenbar  1993. 

Kays,  Kevin,  LT,  DSN,  "A  Water  Mass 
Analysis  of  the  1991-1992  Bl  Niflo 
Signal  in  the  Parallon  Islands 
Region,  March  1993,"  Master's  Thesis, 
March  1993. 

Montenegro,  Oonsalo,  LT,  Bcuador 
Navy,  "Throe  Dimensional  Vorticlty 
Piald  in  the  California  Current 
System,"  Master's  Thesis,  March  1993. 

Negron,  A.J.,  LCDR,  DSN,  "Measure¬ 
ments  of  Currents  across  the 
Continental  Margin  off  Point  Sur, 
California,  during  March  1989," 
Master's  Thesis,  March  1993. 


Patruncio,  B.T.,  LCDR,  D8M, 
"Characterisation  of  Tidal  Currents 
in  Monterey  Bay  from  reaote  and  in 
Situ  Measurements,"  Master's  Thesis, 
December  1993. 

Petsrick,  B.P.,  LCDR,  DSN,  "Currents 
Through  the  Golden  Gate,"  Master's 
Thesis,  September  1993. 

Rugg,  S.A.,  CAPT,  DSAP,  "An 
Investigation  of  the  Ground-Based 
High-Resolution  Znterperometer 
Sounder  (GB-HIS)  in  a  Coastal  Marine 
BnvironsMnt, "  Master's  Thesis, 
December  1992 . 

Sklllman,  J.B.,  LT,  DSN,  "KNSO  Porced 
Variations  of  Sea  Surface  Temperature 
and  Sea  Level  Along  the  West  Coast  of 
tha  Dnitad  States,"  Master's  Thesis, 
December  1993 . 

Spearman,  M.G.,  LCDR,  DSN,  "Water 
Masses  and  the  Tharmohaline 
Circulation  at  the  Bntrance  of  the 
Gulf  of  California,"  Master's  Thesis, 
September  1993. 

DOD  KMT  TMCOanLOOr  ARBAt  Bnviron- 
mantal  Effects,  Sensors. 

KXXWORDS :  Ocean  Circulation . 
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AWkLYSIS  OF  AVTO  a^tkt.t.ttk  TMAmy  renM  m 
SOUTHERN  CALIFORMIA  BIGHT 
N.  Garfl«ld,  Research  Assistant  Professor 
Department  of  Oceanography 

Sponsor  and  Funding:  Bnvlronswntal  Protection  Agency 


QBJaCTZVS:  This  project  was  an 

Intaragancy  agraanant  with  BPA 
through  tha  Cooparatlva  Inatltuta  for 
Rasaarch  In  tha  Intagratad  Ocaan 
Seiancaa  (CIRIOS) .  Tha  objaetlva  was 
to  axamlna  a  ona  yaar  data  sat  of 
AVHRR  satalllta  laagary  to  datarmina 
if  thasa  data  could  ba  usad  to 
aonltor  upwalling  in  tha  Southam 
California  Bight. 

StSSimTi  A  ona  yaar  data  sat  of  AVHRR 
isuigary  for  July  1991  to  July  1992 
was  avaluatad  to  datarmina  whathar 
upwalling  could  ba  obsarvad  at  two 
sitas  in  tha  Southam  California 
Bight.  This  work  was  parformad  to 
halp  BPA  daaignata  dradga  disposal 
sitas  off  Los  Angalas  and  San  Diago. 
Tha  data  wara  first  avaluatad  to 
dascriba  tha  occuranca  of  clouds, 
fog,  and  othar  atmospharic 
contamination.  Than,  tha  claar 
useful  iawgary  wara  assa>id>lad  to 


allow  viewing  of  tha  evolution  of  tha 
surface  taeparatura  at  thasa  two 
sitas.  Tha  final  racoamwndation  to 
BPA  was  that  bacauaa  of  tha 
atmospharic  contamination  (clouds, 
haza,  and  fog)  in  tha  Southam 
California  Bight  satallita  AVHRR 
imagery  was  not  dapandabla  as  a 
routine  tool  to  monitor  coastal 
upwalling. 

OTHZR:  This  work  doa»nstratad  bow 
rasaarchars  at  MPS  can  work  with 
othar  govamawnt  agancias  through 
CIRIOS.  Pinal  report  was  provided  to 
BPA  along  with  a  catalog  of  AVHRR 
iamgary. 

DOO  BBT  TBCHHOLOerr  ABBA:  Bnviron- 

mental  Bf facts. 

KBZ1IORDS:  Satalllta  AVHRR  Imagery 

Processing  and  Analyses. 
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roMKaaOMTS  to  DEBP  CONVgCTIOW  IM  THE  ARCTIC  SYSTMI 
R.N.  Garwood,  Jr.,  Profaaaor 
Department  of  Oceanography 
Sponsor  and  Funding;  National  Science  Foundation 


OBjacnvS;  Xhla  ia  a  threa-yaar 
program  of  raaaarch  to  axplora  tha 
rolaa  of  turbulant  mixing  procaaaaa 
that  hava  baan  naglaetad  In 
traditional  mixad  layar  modallng 
appliad  to  tha  arctic  ayataaia  of 
ocaan-atmoaphara-ica  Intaractlona . 

SOODUtT:  Two  klnda  of  naw  vartical 
convaction  procaaaaa  that  wara 
hypothaaizad  aarliar  (Garwood, 
1992a, b)  hava  baan  varlfiad 
nuBiarically  by  thraa-dimanalonal, 
tima-dapandant  larga-addy  aimulatlon 
of  tha  turbulant  fialda  (Garwood  at 
al.,  1993).  Thaaa  coaqplax  aolutiona 
hava  baan  aniaiatad,  making  vidao 
moviaa  of  tha  coiiqi>utad  valocity, 
taa^aratura  and  salinity  flalds.  A 
naw  paramatarisation  for  panatrativa 
convaction  that  consarvas  antropy  has 
baan  damonstratad  (Garwood  and 
Isakari,  1993) .  Synthatie  apartura 
radar  (SAR)  imagary  of  tha  Graanland 
Saa  during  wlntar  has  baan  conqparad 
with  numarical  solutions  of  tha 
surfaca  for  a  flald  of  convactlva 
plumas,  and  strong  simllarltias  wara 
discovarad  (Carsay  and  Garwood, 
1993)  ,  suggasting  a  rola  for  ramota 
sanslng  as  a  tool  to  diagnosa  ocaan 
convaction. 

PDBUCATiavSs  Carsay,  F.D.  and 
Garwood,  R.W.,  Jr.,  "Idantification 
of  Modalad  Ocaan  Plumas  in  Graanland 
Gyra  BRS-1  SAR  data, *  Gaophvsical 
Rasaarch  Lattars.  Vol.  20,  pp. 
2207-2210,  1993. 

Garwood,  R.W.,  Jr.,  "Missing  Physics 
for  Daap  Convection?"  Arctic  System 
Science  Ocaan-Atmosphara-Xca 
Interactions  Modallng  Workshop, 
Pacific  Grove,  CA,  Report  No.  1,  pp. 
49-54,  1992. 


Garwood,  R.N.,  Jr.,  "Oceanic 
Convactlva  Instabilities 
Hypothasizad, "  ARC88-0AII  Mawslattar, 
Vol.  2,  pp.  4-5. 

Garwood,  R.W.,  Jr.,  Isakari,  8.  and 
Gallachar,  P.C.,  "Tharmobaric 
Convaction,  Tha  Rola  of  tha  Polar 
Oceans  in  Shaping  tha  Global 
Bnvironaant, "  Mansan  Cantannial 
Symposium  voluma,  Amarican 
Geophysical  Onion  Monooranh.  O. 
Johannassan,  R.  Muanch,  and  J. 
Overland,  ads.,  in  press,  p.  22, 
1993. 

Garwood,  R.N.,  Jr.  and  Ouast,  A.B., 
"Greenland  Saa  Convaction 
Instabilltias,  "  NMO  Report,  in  press, 
1993. 

conrauncB  PRBSBBfXATxaes;  oarwood, 
R.W.,  Jr.,  "Parcel  and  Layar 
Instability  Convaction, "  Nansan 
Centennial  Symposium, 
Bergen -Sol strand,  Norway,  21-25  June 
1993. 

Garwood,  R.W.,  Jr.  and  Isakari,  8., 
"Bntropy  Conserving  Daap  Convaction 
in  the  Waddall  Saa, "  in  Proceedings 
of  the  Fourth  Intamatlonal 
Confaranca  on  Southern  Hasdsphara 
Meteorology  and  Oceanography,  Hobart, 
pp.  503-504,  29  March  -  2  i4>ril  1993. 

Isakari,  S.M.  and  Oarwood,  Jr.  R.W., 
"Deep  Free  Convaction  in  tha 
Greenland  and  Madltarranaan  Seas,"  in 
Procaadlngs  of  tha  Third  Scientific 
Maatlng  of  The  Oceanography  Society, 
Seattle,  p.  184,  13-16  April  1993. 

Garwood,  R.H.,  Jr.,  "Mixad  Layar 
Dynasties  iiqtortant  for  Ocaan  General 
Circulation  Models,"  Invited  speaker 
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for  World  Oeoan  Circulation 
Kxporlaont  Mooting,  Nonolmo, 
Voncouvor,  British  Coluabis,  13-15 
Soptonbor  1993. 

Osrwood,  R.W.,  Jr.,  "Groonland  Soa 
Convoction  Instabilltloa, *  Invltod 
spoakor  at  Workshop  on  Saa-Ico 
Modollng,  Arctic  Cllisata  Syatom  Study 
Group,  World  Cllaato  Rosoarch  Pro- 


graa,  Haaburg,  13-15  Doeaaibor 
1993. 

DOD  wax  nCHNObOOr  ARKAx  Bnvlron- 
Bontal  Rffocts,  Dosign  Automtlon. 

KSTWORD8:  Ocoanic  Convoction,  Alr- 
aoa-ico  Intoractions ,  Ocoan 

Simulation. 
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R.W.  Garwood,  Jr.,  Professor 
Department  of  Oceanography 
Sponsor:  Office  of  Naval  Research 
Funding:  Office  of  Naval  Research  and  the 
Naval  Postgraduate  School 


OBjaCTXVS:  Thla  n«w  raaaareh  la  a 
Biodellng  Invaatlgatlon  of  tha  rolaa 
of  turbulant  convactlon  procaaaaa 
that  ara  not  raaolvad  and  hava  baan 
naglactad  and/or  inaccurataly 
paraBMtarlsad  in  prlmltlva  aquation 
modala  for  ocaan  circulation.  Wa 
propoaa  to  contraat  Larga-Bddy 
Sianilatlon  (LBS)  of  ocaanlc  daap 
convactlon  In  tha  Madltarranaan  with 
tha  polar  aaaa.  Wa  will  Includa  tha 
thamobarlc  anhancamant  In  modala  for 
panatratlva  convactlon  by  parcal 
Instability  and  antralnmant.  Nlth  tha 
LBS  as  a  gulda,  wa  Intand  to  davalop 
a  fundamantally  dlffarant  (antropy 
conaarving)  paramatarlzatlon  for  sub- 
grid  seals  daap  convactlon  In  OGCM's. 

SUmihRT:  Convection  In  tha 
Madltarranaan  Saa  has  been  compared 
with  convactlon  In  tha  polar  seas, 
both  tha  Waddell  Saa  and  tha 
Oraanland  Saa.  Rotation  Is  found  to 
Influence  tha  planatairy  boundary 
layer  convactlon  In  both  polar- saa 
and  Madltarranaan  sea  cases,  with 
Rossby  numbers  of  order  unity  for 
surface  features  that  resemble 
Raylalgh-Banard  calls.  These  calls 
may  be  datactlbla  by  satellite  remote 
sensing  (Carsay  and  Garwood,  1993) . 

Inclusion  of  mixed  layer  dynamics  and 
convactlon  into  oceanic  general 
circulation  siodols  has  been  tested  in 
tha  Pacific  basin  (Waddla,  1993),  and 
parasMtarizatlons  for  convection  hava 
baan  davalopad  that  may  be 
appropriate  for  tha  Mediterranean  and 
polar  seas  (Garwood  and  Isakarl, 
1993)  .  Tha  mean  states  of  the  model 
basin,  both  dynastic  and  thermo - 


dynastic,  are  altered  by  the  diurnal 
"breathing*  in  tha  surface  buoyancy 
flux  (Guest  and  Garwood,  1993)  . 

PUBLICRTIOHS:  Carsay,  P.D.  and 
Garwood,  R.W.,  Jr.,  "Identification 
of  Modeled  Ocaan  Plumas  In  Greenland 
Gyre  BRS-1  BAR  data,"  Geophysical 
Research  Letters.  Vol.  20,  pp. 
2207-2210,  1993. 

Garwood,  R.W.,  Jr.,  Isakarl,  8.,  and 
Gallachar,  P.C.,  "Tharmobarlc 
convactlon,  Tha  Role  of  tha  Polar 
Oceans  In  Shaping  tha  Global 
Bnvlronstant,  *  Hansan  Cantaimlal 
Symposium  Volume,  American 
Geophysical  Union  Monograph.  O. 
Jobannassan,  R.  Muanch,  and  J. 
Overland,  ads..  In  press,  p.  22, 
1993. 

COMPKRKMCB  PRBSBRATKMS  t  Garwood, 
R.W.  and  Isakarl,  S.M.,  "Bntropy 
Conserving  Daap  Convactlon  in  tha 
Weddell  Saa, "  in  Proceedings  of  the 
Fourth  International  Conference  on 
Southern  Hastisphara  Meteorology  and 
Oceanography,  Hobart,  pp.  503-504,  29 
March  -  2  April  1993. 

Isakarl,  S.M.  and  Garwood,  R.W.,  Jr., 
"Deep  Free  Convactlon  In  tha 
Greenland  and  Mediterranean  Seas ,  *  in 
Proceedings  of  the  Third  Scientific 
Meeting  of  Tha  Oceanography  Society, 
Seattle,  WA,  p.  184,  13-16  April 
1993. 

Garwood,  R.W.,  Jr.,  "Mixed  Layer 
Dyneunics  laqportant  for  Ocean  General 
Circulation  Models,"  Invited  speaker 
for  World  Ocean  Circulation 
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Ixp«rla«nt  Malting,  Manalao, 
Vancouvar,  Brltlah  Columbia,  13 -IS 
Saptaad>ar  1993 . 

Garwood,  R.N.,  Jr.,  "Oraanland  Saa 
Convactlon  Inatabllitlaa, *  Invltad 
spaakar  at  Workahop  on  Saa-Ica 
NOdallng,  Arctic  Climata  Systam  Study 
Group,  World  Climata  Raaaarch 
Program,  Hamburg,  13-15  Dacambar 
1993. 

Guast,  A.B.  and  Garwood,  R.H.,  Jr., 
"Diurnal  braathlng  o£  tha  Equatorial 
Ocaan, "  in  Procaadlnga  o£  tha  Third 
Sclantlfic  Maatlng  o£  Tha 
Ocaanography  Sociaty,  Saattla,  WA,  p. 
105,  13-16  J4>ril  1993. 

THB8B8  DIUCnDt  Haddla,  Charlas  A., 
"Tha  Bffact  of  Waatarly  Wind  Bursts 
on  a  Tropical  Ocaan  Ganaral  Circu¬ 
lation  Modal,"  Mastar's  Thesis,  1993. 


Chumblnho,  Rogarlo,  P.A.,  "Objective 
Analysis  of  a  Coastal  Ocaan  Bddy 
using  Satellite  AVHRR  and  in  Situ 
Hydrographic  Data,"  Mastar's  Thesis, 
1993. 

DOD  nr  TBCBMDIOOr  AKKAi  Knvlron- 
mantal  Bffacts,  Design  Autoawtlon. 

nrwORDS:  Alr-saa  Intaractlons, 
Ocaan  Turbulanca,  Large -eddy 
Simulation. 
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IKDUCgD  BY  SURFACE  WXVB 
T.H.C.  Berbers,  Assistant  Professor 
Department  of  Oceanography 

R.T.  Guza,  Co- Investigator,  Scripps  Institution  of  Oceanography 
Sponsor  and  Funding:  Office  of  Naval  Research 


OBJSCTIVV:  Th«  atain  objective  of 
thla  continuing  project  is  to 
determine  the  mechanisms  by  which 
nearshore  infragravity  waves  are 
generated. 

SiaaOkRT:  Infragravity  waves  with 
periods  of  nominally  0.5-5  minutes 
are  believed  to  cause  changes  in 
beach  morphology  and  drive  seiche 
motions  in  ssiall  harbors.  Although 
the  generation  of  infragravity  waves 
has  bean  linked  to  shoaling  wind 
waves,  the  precise  mechanisms  are  not 
understood.  Observations  in  depths 
between  8-204  m,  near  Atlantic  and 
Pacific  coasts,  were  used  to  show 
that  Infragravity  waves  are  a  mix  of 
forced  waves,  locally  excited  by 
nonlinear  wave -wave  interactions,  and 
free  waves  generated  at  nearby 
shores.  Although  free  waves  usually 
dominated  the  infragravity  band, 
forced  wave  contributions  were 
significant  with  large  aoqplitude 
swells  and  in  very  shallow  water. 
Observed  forced  wave  energy  levels 
were  shown  to  be  accurately  predicted 
by  second-order  nonlinear  theory.  A 
geometrical  optics -based  model  was 
developed  for  the  generation  euid 
propagation  of  free  infragravity 
waves.  Model  predictions  are  in  good 
agreement  with  the  observations. 
Free  Infragravity  energy  levels  are 
sensitive  to  the  geographic 
surroundings .  Comparisons  of 
observations  loade  on  different 
shelves,  suggest  that  more 
Infragravity  energy  is  generated  on 
broad,  sandy  beaches  than  on  rocky, 
cliffed  coasts. 


PDB1.ICATI0HS:  Blgar,  S.,  Berbers, 
T.H.C. ,  Oklhlro,  M.,  Oltman-Shay,  J., 
and  Guza,  R.T.,  "Observations  of 
Infragravity  Waves,"  Journal  of 
Geophysical  Research.  Vol.  97,  No. 
CIO,  pp.  15573-15577,  1992. 

Herbers,  T.H.C.,  Lowe,  R.L.,  and 
Guza,  R.T.,  "Field  Observations  of 
Orbital  Velocities  and  Pressure  in 
Weakly  Nonlinear  Surface  Gravity 
Waves , "  Journal  of  Fluid  Mec*i»"<fi«- 
Vol.  245,  pp.  413-435,  1992. 

Herbers,  T.H.C.  and  Guza,  R.T., 
"Comment  on  'Velocity  Observations 
above  a  Rippled  Bed  using  Laser 
Doppler  Veloclztetry' "  by  Y.  C. 
Agrawal  and  D.  G.  Aubrey,  Journal  of 
Geophysical  Research.  Vol.  98,  No. 
Cll,  pp.  20331-20333,  1993. 

Herbers,  T.H.C.,  Blgar,  S.,  and  Guza, 
R.T.,  " Inf ragravity-Fraquency 
(0.005-0.05  Hz)  Motions  on  the  Shelf, 
Part  I :  Forced  waves , "  Journal  of 
Physical  Oceanography,  in  press . 

(XHIFBRBNCB  PRBSKRIATIOHS :  Herbers, 
T.H.C.,  Blgar,  S.,  Guza,  R.T.,  and 
O'Reilly,  W.C.,  "Infragravity- 
Frequency  (0.005-0.05  Hz)  Motions  on 
the  Shelf,”  in  Proceedings  of  the 
Twenty- third  International  Conference 
on  Coastal  Bngineerlng,  Venice, 
Italy,  4-9  October  1992,  Billy  L. 
Edge,  ed.,  American  Society  of  Civil 
Engineers,  Chapter  63,  pp.  846-859, 
1993. 

Herbers,  T.H.C.,  Guza,  R.T.,  and 
Elgar,  S.,  "Infragravity  Waves,  Part 
1:  Sources,"  American  Geophysical 
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Onion  Fall  Moating,  San  Francisco, 
CH,  Docanbor  1992 . 

Quia,  R.T.,  Harbors,  T.H.C., 
O'Rallly,  W.C.,  and  Blgar,  S., 
"Infragravity  Mavas,  Part  2: 

Shall -Nlda  Variability, "  Anarlcan 
Gaophyslcal  Onion  Fall  Moating,  San 
Francisco,  CA,  Docanbor  1992. 

OWHMR:  Harbors,  T.H.C.,  Blgar,  S., 

Susa,  R.T.,  and  O'Rallly,  W.C., 
■Infragravlty-Fraquoncy  (0 . 005-0 . 05 
Hs)  Motions  on  tho  Shalf,  Part  II: 
Froo  Navas, ”  subnittod  for  ptd>lica- 


tion  in  tha  Jotimal  of  Physical 
Ocaanoqranhv . 

DOO  KBT  TBCHMOI.OOT  ARBAx 
Bnvironnantal  Bf facts. 

BBXNORDS:  Ocoan  Surfaca  Navas, 

Continantal  Shall,  Naarshora 
Procassas. 
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T.H.C.  Berbers,  Assistant  Professor 
Departaent  of  Oceanography 

S.  Blgar,  Co- Investigator,  Washington  State  Uhlversity 
R.T.  Guxa,  Co -Investigator,  Scripps  Institution  of  Oceanography 
Spcmsor  and  Funding:  Office  of  Naval  Research 


OBJKTIVS:  Th«  main  objactiva  of 
this  continuing  pro j act  ia  to 
avaluata  tha  i]q>ortanca  of  nonlinaar 
intaractions  in  naturally  occurring 
ocaan  aurfaca  wavaa. 

Saamnr:  Although  aophiaticatad 
nonlinaar  thaorlaa  for  ocaan  aurfaca 
wavaa  wara  davalopad  mora  than  30 
yaara  ago,  a  datallad  varlflcation 
with  flald  obaarvatlona  haa  not  baan 
raportad.  In  thla  continuing  pro  j  act 
axtanalva  ocaan  wava  data  aata  ara 
coaq^arad  to  nonlinaar  thaory 
pradlctlona.  Tha  ganaration  of 
waakly  attanuatad  aacondary  prassura 
fluctuations  in  tha  ocaan  (an 
important  sourca  of  saa  floor 
microsalsms)  by  nonlinaar 
intaractions  batwaan  two  wind  wavas 
travallng  in  opposing  diractions  was 
variflad  using  data  from  an  axtanslva 
array  of  prassura  sansors  daployad  in 
13  m  dapth  on  tha  North  Carolina 
shalf.  Dramatic  Incraasas  in 
prassura  anargy  at  doubla  wlnd-wava 
fraquanclas  (0.3 -0.7  Hz),  obsarvad 
aftar  a  suddan  larga  shift  in  wind 
dlractlon  ganaratad  diractionally 
opposing  wavas,  wara  shown  to  ba  in 
good  agraasiant  with  sacond-ordar 
nonlinaar  thaory  pradlctlons.  At 
about  thraa  timas  tha  fraquancy  of 
tha  dominant  wind  wavas,  tartlary 
wavas  forcad  by  nonlinaar  intarac¬ 


tions  batwaan  thraa  wind-wava 
componants  ara  important. 
Trispactral  analysis  of  data 
collactad  during  a  savara  nor'aastar 
(tha  significant  wava  haight  was 
about  5  m)  Indlcatas  significant 
tartlary  wava  contributions  to  tha 
bottom  prassura  flald. 

POBX.ICATICMS:  Klgar,  S.,  Barbara, 

T.H.C. ,  and  Ouza,  R.T.,  "Raflactlon 
of  Ocaan  Surfaca  Gravity  Wavas  from  a 
Natural  Baach, "  Journal  of  Physical 
Ocaanoaraohy .  in  prass . 

Barbara,  T.H.C.  and  Ouza,  R.T., 
"Nonlinaar  Wava  Intaractions  and 
High- Fraquancy  Saa  Floor  Prassiura,* 
Journal  of  Qaophvsical  Rasaarch.  in 
prass. 

OIUHR:  Blgar,  S.,  Barbara,  T.H.C., 

Chandran,  V.,  and  Ouza,  R.T., 
"Obssrvatlons  of  Nonlinaar  Ocaan 
Surfaca  Gravity  Navas,”  subnittad  for 
publication  in  tha  Journal  of  Fluid 
Machanics . 

DOD  KBT  TBCHWOLOOT  ARIA: 
Environmantal  Bf facts. 

KBTWORDS:  Ocaan  Surfaca  Wavas, 

Nonlinaar  Intaractions, 

Saa  Floor  Prassura. 
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COASTAL  ACOUSTIC  TOMPgRPAHTC  DATA  ASglMTIATIQIf 
L.N.  Ly,  Research  Associate  Professor 
C.-S.  Chiu,  Associate  Professor 
Department  of  Oceanography 

Sponsor  and  Funding:  Office  of  Naval  Research  (ONR)  under 
the  Navy  Ocean  Modeling  and  Prediction  Program  (MOMP) 


OBJRCnVBi  Th«  goal  o£  this  two-yaar 
(FY94-rY95)  projact  was  to 
invastlgata  nowcast/foracast 
capability  of  a  stata-of-tha-art 
prlaltlva  aquations  coastal  ocaan 
circulation  nodal  using  coastal 
acoustic  tOBKsgraphlc  data  and  data 
aasiad.latlon  tachnlqua  of  tha  diract 
Insartlon  and  modlfiad  Kalsian  flltar. 


SnsOkST:  In  tha  first  yaar  of  tha 
projact  wa  focus  on  application  of 
tha  diract  Insartlon  tachnlqua.  An 
application  of  tha  nodlfiad  Kalman 
flltar  is  tha  objactlva  of  tha  sacond 
yaar. 


A  diract  insertion  schasM  for 
assimilating  coastal  acoustic 
tomographic  (CAT)  vertical 
tasparatura  section  into  a 
aniltllaval,  coastal  primitive 
aquation  siodal  for  the  Gulf  of  Sirta 
(Lybla)  is  investigated  using 
numerical  a^parlsiants .  A  coastal 
ocaan  sndal  was  developed  for  tha 
Haditarranaan  (MBD)  Saa  at  NFS  based 
on  tha  latest  version  (1992)  of 
Princeton  Ocaan  Modal  (POM)  for  tha 
Gulf  Stream  region  (Mallor  and  Bzar, 
1992) .  Although  tha  sndal  was 
developed  for  idiola  MBD,  only  a  modal 
■ub-domaln  covering  tha  Gulf  of  Sirta 
was  used  in  tha  study.  The  modal  has 
realistic  coastlines  and  bottom 
topography,  and  coastal -following, 
curvilinear,  nearly  orthogonal, 
horizontal  coordinate  system  with  a 
resolution  of  about  10  by  10  $km$ . 
Tha  model  grid  was  designed  by  using 
a  grid  generation/ focusing  technique . 
Tha  aK}dal  has  complete  thermo¬ 
dynamics,  second  order  turbulence 


closure,  and  16  bottom- following 
(sigzia)  vartlcal  lavals. 

Our  results  strongly  indicate  that 
tha  coast  aK>dal  and  tha  diract 
Insartlon  schama  for  CAT  slices  work 
wall  together.  Tha  CAT  slices  spread 
Infonnatlon  out  in  nearly  all 
direction  in  tha  Gulf  Sirta.  Tha 
inserted  data  act  as  an  initial 
convergence  maker  which  forces  tha 
Biodal  to  "loss"  ziamory  of  tha  initial 
stata  and  gradually  convarga  to  tha 
"true  ocaan".  Tha  global  rsui  error 
of  the  nowcast  tanparat\ira  fields  in 


the  considered 

sub 

-domain  in 

an 

experiment 

involving  five 

CAT 

sections 

by  about 

50 

percents 

after 

30 

days  and 

66 

percents 

after 

60 

days  of  data 

assimilation. 

The 

temperatures 

at 

tha  mixed- layer  level  converge  a»re 
rapidly  to  tha  "true  tempera turas"  in 
cosparlson  to  tha  surface -level 
temperatures.  All  the  CAT  slices 
have  almost  the  sasM  effectiveness  in 
izqproving  the  nowcast  fields 
regardless  of  their  horizontal 
orientations.  Our  study  shows  that 
convergence  is  not  linearly 
proportional  to  the  ntimber  of  CAT 
slices  assisiilatad.  The  study 
confirms  that  the  internal  forcing 
provided  by  vertical  slices  derived 
by  CAT  is  not  localized  in  physical 
space .  They  induce  Immediate 
correlation  between  tha  fully 
nonlinear  priadtlve  equation  (PB) 
model  and  the  CAT  data.  Our  study 
also  confinzs  that  the  developed 
modal  fully  thermodynasdcal  PB  model 
has  a  good  nowcast/forecast 
capability  in  a  coastal  envlroimont. 
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onni  Ly,  I.  Chiu,  C.-S.,  DOD  XBT  TKCHKOltOOT  AXBAt 

■coastal  Acoustic  Toaography  Data  Snvlrozmantal  Kffacts,  Softwara, 

Constraints  Applied  to  a  Coastal  B\iBan>Systoa  Intarfacas. 

Ocaan  Circulation  Modal , ■  NPS 

Taehnlcal  Report,  subsiittod  for  KMTHOROSi  Data  Asaladlatim, 

publication,  March  1994.  Acoustic  To8»graphy,  Direct  Insertion 

Assimilation,  Coastal  Ocean  Modeling, 

Ly,  L.H.  and  Chiu,  C.-S.,  "A  Direct  Mediterranean  Sea,  Ghilf  of  Lybia. 

Insertion  Assimilation  of  Coastal 

Acoustic  Tomographic  Data  into  a 

Coastal  Ocean  Model  for  the  Oulf  of 

Slrte,”  A  journal  paper  In 

preparation)  completion  Is  expected 

mid  June  1994. 


L.M.  Ly,  Research  Associate  Professor 
Department  of  Oceanography 
Dr.  Phu  Luong 


Naval  Oceanographic  Organization  (KAVOCjMNO)  , 
Stennls  Space  Center,  MS 
Sponsor  and  Funding:  NAVOC^SAilC 


OBJMCnVBi  Bring  a  grid  generation  not  be  well  suited  to  sene  coastal 

technique  to  the  coastal  ocean  regions,  especially  those  with 

modeling  to  Improve  ntimerleal  complex  coastlines  and  bathymetry 

solution  and  bettor  handle  cosqplex 

coastlines,  bathymetry  and  open  such  as  the  Mediterranean  (MID) .  Zn 

boundary  conditions  by  using  nearly  many  cases  open  boundary  eondltloiM 

orthogonal  curvilinear  horlxontal  are  poorly  treated  with  rectangular 

grid  system.  grids  even  at  a  very  high  resolution. 

snsnunr:  This  is  a  now  direction  in  A  state-of-the-art  sndel  for  UED  is 

Coastal  Ocean  Modeling  which  brings  a  developed  at  NFS  based  on  the 

grid  generation  technique  of  Princeton  Circulation  Modal  (POM)  for 

Computation  Fluid  Dynamics  to  inprove  the  Gulf  Stream  (Mellor  and  Bser, 

numerical  solutions  of  coastal  ocean  1991) .  The  MED  model  has  16  vortical 

BK>del.  The  nuBMrical  solution  of  an  levels,  free  surface  dynamics,  a 

ocean  circulation  modal  for  a  region  second  order  turbulence  closure,  and 

is  strongly  dependent  on  the  grid  realistic  coastlines  and  bathymetry, 

used.  A  grid  that  is  not  wall  suited  The  MKD  model  was  coupled  with  nearly 

can  lead  to  unsatisfactory  results,  orthogonal  curvilinear  grids  designed 

including  model  Instability  and  lac)c  by  using  the  ZAGLBView  software 

of  convergence.  pac)cago  developed  by  Mississippi 

State  university.  The  BAOLBView 
Traditionally,  rectangular  grids  have  inplements  a  grid  generation 

been  most  comsunly  used  for  their  technique  by  using  elliptic, 

simplicity.  However,  these  grids  may  hyperbolic,  and  algebraic  ganaratlon 


•yat«B.  Th«  study  o£  sensitivity  of 
the  aodel  ntiaerlcal  solutions  to 
grids  was  performed.  It  was  found 
that  MKD  numerical  solutions  are  very 
sensitive  to  grid  used.  A  poorly 
suited  grid  can  not  only  lead  to  poor 
accuracy  of  the  numerical  solution, 
but  also  can  give  a  totally  different 
Interpretation  of  the  physics.  With 
the  sasia  number  of  15691  grid  points, 
the  rectangular  grids  has  only  35 
percents  of  "useful"  (inside  MED) 
grid  point  (20  by  20  $km$ 
resolution) ,  while  our  nearly 
orthogonal  curvilinear  grids  have  60 
percents  "useful"  grid  points  with 
practical  average  resolutions  of 
about  12  by  12  $lcm$ .  The  grid 
generation  technique  can  replace  the 
nesting  technique  which  much  more 
coaq>licated  in  dealing  with  boundary 
conditions  and  costly  in 
confutations . 

Mew  proposals  with  navoceano  on 
"Model-Data  Cosfarlson  for  MED"  and 
"South  China  Sea  Modeling"  are 
generated  based  on  our  successes  in 
NED  modeling. 

FDBLICATIOMS:  Ly,  L.N.  and  Kantha, 
H.L.,  "A  Numerical  Study  of  the 
Nonlinear  Interaction  of  Hurricane 
Camille  with  the  Gulf  of  Mexico  Loop 
Current,"  Oceanolooica  Acta.  Vol. 
16,  No.  4,  pp.  341-348,  1993. 


OTHER:  Ly,  L.M.,  Luong  P.,  Chiu, 
C.-S.,  Ezer  T.,  and  Mellor,  O.L., 
"Numerical  Modeling  for  the 
Mediterranean  Sea  Using  the  Grid 
Generation  Technique."  A  jotimal 
paper  is  in  preparation.  Completion 
is  expected  mid  August  1994. 

COHFBRHHCB  PRBSHMKATiaM:  Ly,  L.N, 
Luong  P.,  and  Chiu,  C.-S., 
"Application  of  the  Grid  Generation 
Technique  in  Coastal  Ocean  Modeling 
for  the  Mediterranean  Sea, "  BOS, 
Tremsactlons,  Aswrican  Geophysical 
Union,  Vol.  74,  p.  325,  1993. 

DOS  KKT  TBCHMDLOOr  ASBAt  Design 
Automation,  Conputers,  Environmental 
Effects. 

KETMOEDS:  Grid  Generation  Technique, 
Curvilinear  Grids,  Coastal  Modeling, 
Niuaerical  Modeling,  Mediterranean 
Sea. 
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hlR-SKK-HAVK  DiTERACnON  MQDKLIIIO 
L.N.  Ly,  Research  Associate  Professor 
Department  of  Oceanography 
Sponsor  and  Funding:  Office  of  Naval  Research 


OBJSCTZVK:  Thia  ia  a  naw  dlractlon 

in  alr-aaa  Intaraction  which  Z  hava 
davalopad  for  yaara  of  say  aciantific 
raaaarch  activitiaa.  Tha  atudy  of 
tha  air-aaa-wava  intaraction  ia  ona 
of  tha  aoat  in^ortant  problasta  of 
both  atasoapharic  and  ocaanic  phyaica. 
Thia  problam  ia  vary  iaqaortant  not 
only  in  thaoratical  atudiaa  of  tha 
machaniask  of  anargy  tranafar  in  an 
air-aaa-wava  ayatasi,  but  alao  in 
paraaMtari ration  of  tha  atssoapharic 
and  ocaanic  boundary- 1 ay ar  procaaaaa 
talcing  into  account  aurfaca  wavaa  in 
ocaan  circulation  ssodala  and 
atsMapharic  clisuita  sKidala. 

Tha  tranaport  of  Doskontum,  haat« 
hkiskidity  and  aalt  occura  acroaa  tha 
air-aaa  intarfaca  with  tha 
intaraction  of  tha  ocaan  aurfaca 
wavaa.  Tha  charactar  of  thia 
tranaport  ia  ragulatad  by  tha 
turbulanca  of  tha  ataioapharic  and 
ocaanic  boundary  layara.  Tha 

objactiva  of  thia  raaaarch  ia  to 
develop  uthoawtlcal  aiodal  baaad  on 
atikoapharic  and  ocaanic  boundary 
layer  phyaica  with  talcing  into 
account  ocaan  aurfaca  wavaa  to  atudy 
air-aaa-wava  intaraction  ayataxk. 

SUSOUnr:  a  nuskarical  modal  of 

air-aaa-wava  intaraction  ia  davalopad 
uaing  $K$-apailon  turbulence  achema. 
Tha  skodal  ia  baaad  on  a  aat  of 
aguationa  for  (1)  momentum,  (2) 
turbulent  kinetic  anargy  (TKB) ,  (3) 

anargy-diaaipation  (apailon) ,  (4) 

turbulent  axchanga  coefficient  (TBC) , 
axpraaaad  in  tarma  of  TKB  and 
apailon,  and  (5)  atratification  in 
tha  atanaphara  and  ocaan.  Thaaa 
aquationa  are  written  in  tha  aama 
form  for  both  tha  atmoaphera  and 
ocaan.  Tha  anargy  diaaipation 


(apailon)  aquationa  for  tha  air-aaa 
intarfaca  are  aolvad  analytically  to 
obtain  boundary  condltiona  for  tha 
apailon  at  tha  intarfaca.  Banilov'a 
roughnaaa  length,  sdiieh  takaa  aurfaca 
wave  affacta  into  account  for  a  broad 
acopa  of  wave  agaa,  ia  uaed  aa  an 
approxiaiation  for  roughnaaa  length  at 
tha  upper  bound  of  tha  wave  layer. 
Tha  roughnaaa  length  of  tha  modal  ia 
an  internal  parameter  of  the 
air-aaa-wava  ayatam. 

Numerical  axpariikanta  ware  carried 
out  with  variety  of  wave  halghta  and 
wave  agaa  to  atudy  the  role  of 
aurfaca  wavaa  in  tha  air-aaa-wava 
ayatam.  Tha  nuskarical  aimulatlon 
raaulta  wara  compared  with  available 
obaarvad  data  on  aarodynamical  drag 
coefficient,  friction  velocity, 
roughnaaa  length  and  other. 

PIIBUCATias»:  Ly,  Z..N. ,  "Effect  of 
tha  Angle  between  Wind  Straaa  and 
wind  Valocity  Vactora  of  tha 
Aerodynamic  Drag  Coafflclant  at  tha 
Air-Saa  Intarfaca, "  Journal  of 
Phvaical  Ocaanooraphy.  Vol.  23,  No. 
1,  pp.  159-163,  1993. 

by,  L.N.  and  Tackle,  B.S.,  "A 
Numerical  Study  of  tha  Influence  of 
the  Air  Tasoparatura-Invaraion  Layer 
suid  Seawater  Danaity-Jusop  Layer  on 
the  Structure  of  Atmoapharlc  and 
Ocaanic  Boundary  Layara,"  Boundary 
Laver  Mataoroloov.  Vol.  67,  No.  4, 
1993. 

OTBBR:  Ly,  L.N.,  "A  NUamrlcal  Nodal 
for  Studying  Alr-Saa-Wava  Intaraction 
Uaing  tha  $B$-$\apailon$  Turbulence 
Schama, "  A  journal  paper  in 
praparation)  cosaplation  ia  expected 
mid  July  1994. 
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L.N.  and  Challkov,  D.,  •K 
TiMoratieal  Air -Wav*  Zntaraction 
Modal  Using  tha  Hava  Boundary  Layar 
Thaory, "  MPS  Taohnioal  Raport  in 
praparatloni  ooavlatlon  la  axpaetad 
■Id  Oetebar  1994. 

Zty#  Zi.Xf.  and  Chiu#  C.  *B.  # 
lIUBarleal  Modal  of  Alr-Saa-Nava 
Zntaraotlon, *  Tranaactlona#  Anarlcan 
gaophvalcal  Uhlon#  Vol.  75,  p.  135. 


Doo  nnr  imchhoumt  briax 
BnvlronsMntal  Iffacta,  Daalgn 
Autoawtlon. 

KRMOMMt  Alr-Saa-Wava  Intaraetlon# 
Cot^la  Modallng#  Alr/Saa  Turbulanea, 
Air/ Baa  Boundary  Layara. 


LARQE-SCAI.K  MKAM  COMVKRGKMCK  IN  THE  MTTm  ULYOL  OF  THE  CAMMtT 
BASIN  AS  DBTEKmHKD  FROM  lAGRANGIAH  DRIFTERS 
J.D.  Paduan,  Aaslstant  Profeasor 
Department  of  Oceanograidiy 
Sponsor  and  Funding:  Office  of  Naval  Research 


OBjaCTIVB:  Th«  objactiv*  of  thia 
projact  is  to  obtain  statistically 
raliabla  astimatas  of  tha  maan 
surfaca  currants  and  tan^araturas  in 
tha  S\ibduction  ragion  of  tha 
northaast  Atlantic  Ocaan  and  to  usa 
this  infomation,  gatharad  ovar 
yaara,  to  dascriba  tha  maan  larga- 
scala  horizontal  convarganca  naar  tha 
surfaca  (-15  m) .  Na  hopa  to  ba  abla 
to  axposa  tha  ralativa  inportanca  of 
this  larga-scala  frontal  convarganca 
as  comparad  with  mora  local izad 
obsarvations  and  to  coapara  obsarvad 
convarganca  with  Bkman  convarganca 
astiziatas  in  ordar  to  partition  it 
into  wind-drivan  and  non-wind-driven 
componants . 

SmsaUitT:  Tha  approach  being  used  is 
to  make  direct  maasuramants  of 
surfaca  currants  and  tanperaturas 
using  satallita-trackad  Lagrangian 
drifters.  Tha  deployment  pattern 
that  is  being  used  was  designed  to 
assess  the  importance  of  the  semi- 
parmanant  oceanic  front,  which  occurs 
south  of  the  Azores  Islands,  in  the 
north- to -south  convergence  over  tha 
larger  Subduction  region.  Data  from 
34  drifters  has  bean  collected  during 
tha  first  two  years.  An  additional 
36  instruments  ware  deployed  in  this 
year. 

Velocity  statistics  have  been 
cozputad  for  tha  first  two  years  of 
drifter  trajectories  by  latitude  and 
season.  Although  no  seasonal 
patterns  ware  obsarvad  when  data  from 
tha  whole  region  was  combined,  strong 
regional  patterns  ware  obsarvad  whan 
data  was  analyzed  by  latitude.  In 
particular,  tha  region  including  tha 
Azores  front  had  significantly  larger 
velocities,  addy  kinetic  energies. 


and  diffusivltlas  than  did  tha  ocaan 
regions  north  or  south  of  the  frontal 
region.  Attempts  to  compute  zonally 
averaged  currant  as  a  function  of 
latitude  have  bean  unsuccessful  so 
far  because  diffusion  bias  away  from 
tha  region  of  drifter  deployments  was 
cozparabla  to  tha  zonally  averaged 
velocities.  This  result  provided 
Izportant  guidance  and  warnings  to 
future  Lagrangian-based  a^^arimants 
as  wall  as  tha  analysis  of  additional 
data  from  this  axparizMnt.  Drifter 
observations  must  ba  randomly- spaced 
about  tha  area  of  interest, 
particularly  in  regions  of  high  eddy 
kinetic  energy. 


Tha  final  drifter  deployments  in  this 
project  ware  conducted  in  conjunction 
with  tha  Branch- sponsored  SSMAPROIUI 
Bxparimant,  which  covered  the  region 
with  additional  surface  drifters, 
subsurface  floats,  and  extensive 
ship-based  maasuraawnts . 


COHnSKMCS  PRSSBITATiaix  Paduan, 
J.D.,  "Drifter-Derived  Velocity 
Statistics  in  the  Canary  Basin, "  6th 
Meeting,  SVP  Plaxining  CoaBd.ttee, 
Honolulu,  HI,  28-30  Septesiber  1993. 


THXSIS  DUUKRDt  Olannatti,  P., 
LCDR,  Italian  Navy,  "The  Velocity 
Field  in  the  Northeast  Atlantic  from 
Satellite-Tracked  Drifting  Buoys," 
Master's  Thesis,  Saptaxnber  1993. 


OTHKR:  The  Investigator  is 
coordinating  this  research  and  its 
continuation  with  French  scientists 
making  follow-on  measurasients  in  the 
same  ocean  region. 

DOD  nr  TBOBMOIdOar  ABKAx  other. 


458 


UIII0BD8 1  Lagranglan  Haaaureiunts 
Alr-saa  Intaractlon,  Ocean  Bddiaa 
Curranta . 


lASRAHSIAM  MBASURBMgliTS  OP  BDDY  CHASACTBRISTICS  HI  THE 

CALIFORNIA  CURRENT 
J.D.  Paduan,  Assistant  Professor 
Department  of  Oceanography 

Sponsor  and  Funding:  Office  of  Naval  Research  and  the 
Naval  Postgraduate  School 


OBJSCTIVS:  The  objectivea  o£  thia 
program  are  to  describe  the  mesoscale 
eddy  variability  in  the  California 
Current  Syatem  off  the  west  coast  of 
the  united  States  and  to  relate  that 
variability  to  narrow  jet- like 
features  in  the  current  and  to  the 
mean  current.  The  data  sets  to  be 
collected  are  position  and  surface 
ten^erature  following  satellite- 
tracked  surface  drifters. 

SUMMAKT:  This  program  is  part  of  a 
larger  coordinated  effort  to  study 
the  eddy  field  in  an  eastern  botindary 
current  sponsored  by  the  Office  of 
Naval  Research.  This  past  year  has 
seen  the  major  field  phase  of  the 
experiment  take  place.  Through 
quarterly  deployments,  28  surface 
drifters  were  placed  along  eui 
offshore  line  at  39.5  degrees  north 
latitude  (39. 5N).  The  first 
instrrxnents  were  placed  at  125 
degrees  west  longitude  (125W)  with 
approximately  40  km  between 
subsequent  deployment  sites. 
Trajectories  from  these  instruments 
are  providing  statistics  about  the 
mesoscale  eddy  field  of  the 
California  Current  as  a  function  of 
season.  By  November,  half  of  these 
instruments  had  traveled  south  of  34N 
and  one  quarter  of  them  had  traveled 
west  of  13 6W. 


eddy  to  expose  its  flow  structure  and 
its  growth  or  decay  rata.  Two 
deployments  took  place  this  year.  In 
the  first,  13  drifters  ware  placed  in 
a  cyclonic  eddy  in  July.  Extremely 
strong  wind  conditions  at  that  tiaia 
drove  most  of  the  drifters  out  of  the 
eddy  within  a  few  days.  In  the 
second  deployment,  24  drifters  were 
placed  within  an  anticyclonic  eddy  in 
September.  Drifters  mapped  out  that 
feature  for  up  to  14  days.  The  mean 
tramslatlon  velocity  of  the  eddy  was 
(-5. 1,-2. 4)  cm/sec  (to  the 
southwest) .  Typical  rotation  speeds 
were  10  to  40  cm/sec  with  speeds 
increasing  away  from  the  eddy  center 
out  to  a  radius  of  about  40km. 

CONFKRKNCB  PRBSBHTATI(»:  Paduan,  J.D. 
and  Cook,  M.S.,  "Drifting  Buoy 
Observations  of  Bddies  in  the  Bastem 
Boundary  Current,”  40th  Bastem 
Pacific  Ocean  Conference,  Stanford 
Sierra  Can^,  Fallen  Leaf,  CA,  21-23 
October  1993 . 

OTHER:  The  investigator  is 
coordinating  the  drifting  buoy 
coa^onents  of  this  research  program 
with  scientists  from  the  Hoods  Hole 
Oceanographic  Institution.  The 
investigator' s  primary  responsibility 
is  for  collection  and  analysis  of 
data  from  the  intensive  eddy 
deployments . 


The  second  phase  of  the  experiment 
Involves  intensive  study  of  a  single 
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DOO  nr  nCBMObOOr  JABU:  Othar. 


nniOBDSi  Bddlas,  Currant*  Lagranglan 
Maasuramant* ,  Alr-*aa  Zntaractlon. 


LAflRAHSIAM  MKASUREMKHTS  OF  SORFACK  CURggHTS  OFF 
THK  CALIFOBMIA  COAST 
J.D.  Paduan,  Aaalstant  Professor 
DspartBMnt  of  Oceanography 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJSCnVB:  Tha  objactiva  ot  this 
program  1*  to  axposa  surfaca 
circulation  pattarn*.  including 
potential  diffaranca*  batwaan 
upwalling  and  non-upwalling  ragima*, 
in  and  around  Kontaray  Bay.  A 
primary  goal  la  to  daacrlba  tha  flow 
of  tha  upwalling  pluma  offahora  of 
Montaray  Bay,  including  whathar  or 
not  tha  plvana  actually  an  tar  a  the  Bay 
from  the  north  aa  ia  hypothaaizad  and 
how  water  aubaaquantly  circulataa 
within  tha  outer  portion*  of  tha  Bay. 
Additional  goala  include  tha 
davalopnant  and  taating  of  a  hlghar- 
accuracy  drifter  daaign  for  naarahora 
obaarvatlona  and  tha  calibration  and 
incorporation  of  ramotaly-aanaad 
aurfaca  currant*  from  HF  radar 
inatallatlona  around  Montaray  Bay. 

saoiART:  under  tha  general  goal  of 
atudying  tha  aurfaca  circulation  in 
Montaray  Bay,  thia  project  haa 
davalopad  and  evaluated  two  new 
tachnologiaa  for  naarahora  ocean 
currant  BMaauremanta .  Tha  flrat  of 
thaaa  ia  aurfaca  drlftara  that 
utilize  higher  raaolution  Global 
Poaltioning  Syatam  (GPS)  poaltloning 
capability  and  local  buoy-to-*hora  or 
buoy-to-ahlp  radio  data  link*.  A 
prototype  Global  Poaltlon  Local 
Talamatry  (GPLT)  drifter  waa  taatad 
in  a  crulaa  off  the  Galapagoa  lalanda 
in  October.  In  fact,  tha  drifter 
became  tha  focal  point  of  that  iron 
anrichBMnt  axpariawnt  whan  tha 


priaiary  drifting  buoy  failed.  nia 
GPLT  drifter  waa  followed  by  tha 
raaaarch  vaaaal  for  a  weak  aa 
maaauramanta  around  tha  buoy  took 
place.  Recaption  of  tha  radio  aignal 
from  tha  watar-laval  buoy  to  tha 
ahip'a  aiaat  waa  batter  than  a:g>actad 
aa  data  waa  talamatarad  over 
diatancaa  in  axcaaa  of  30km. 
Unfortunately,  tha  and  of  tha 
axparimant  purpoaafully  took  the 
raaaarch  vaaaal  away  from  tha  GPLT 
drifter  and  it  moved  out  of  range  and 


waa  loat. 

Tha 

auccaaa  of 

tha 

prototype 

maana. 

however,  that 

additional 

GPLT 

drifter*  can 

be 

conatructad 

from 

tha  matariala 

on 

hand  for  thia  project  aa  anginaaring 
manpower  bacoBM*  available. 

Tha  aacond  technology  iaaua  being 
addraaaad  under  thia  program  la  the 
verification,  calibration,  and 
analyaia  of  CODAR-darivad  aurfaca 
currant*.  Tha  ability  to  maaaura 
aurfaca  current*  raaiotaly  uaing  HF 
radar  inatallatlona  on  tha  ahora  haa 
bean  poatulatad  for  over  twenty  yaara 
but  relatively  few  field 
varificatlona  of  thia  technology  have 
taken  place.  Through  tha  aponaorahlp 
of  the  National  Ocaanic  and 
Atmoapharlc  Adadniatratlon  (MOAA) , 
three  HF  radar*  of  the  CODAR  daaign 
have  bean  Inatallad  around  Montaray 
Bay.  Thia  program  haa  already 
analyzed  a  contlnuoua,  three -month 
currant  record  from  CODAR  and  found 
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that  th«  raaotaly-aansad  currants 
eonpsra  favorably  with  traditional 
BK>orod  obsarvations  for  notions  with 
pariods  graatar  than  a  waak  and  for 
hlghar  fraquancy  tidal  and  diurnal - 
pariod  notions.  During  this  yaar, 
two  additional  Mastar's  thasas 
pro j acts  wara  carriad  out  baaad  on 
CODhR  data  fron  Saptanbar  1992. 
Strong  links  batwaan  surfaca  currants 
and  tha  atnospharlc  saa  braaza 
circulation  wara  astablishad  and 
tidal  currants  wara  invastlgatad. 
Tha  unlgua  spatial  infomation 
obtalnad  from  tha  radar  data  showad 
tidal  currants  wara  modi f lad  and 
anpliflad  by  tha  topography  of  tha 
Montaray  Submarlna  Canyon. 

TBBSBS  DXBBCTSDt  Fostar,  M.D.,  LCDR, 
nSN,  "Kvolutlon  of  Diurnal  Surfaca 
Winds  and  Surfaca  Currants  for 
Montaray  Bay,"  Mastar's  Thasis, 
Dacasibar  1993. 


Patruncio,  K.T.,  X,CDR,  DSM, 
"Charactarization  of  Tidal  Currants 
in  Montaray  Bay  from  Ranota  and  in 
Situ  Maasuranants , ■  Mastar's  Thasis, 
Dacanbar  1993. 

OTHMR:  As  part  of  this  projact  and 
tha  follow-on  projact  antitlad, 
"Analysis  of  Radar-Darlvad  Surface 
Currants  in  Montaray  Bay  from  CODAR, " 
sponsored  by  tha  Haval  Postgraduate 
School,  tha  investigator  is 
coordinating  tha  tasting  and  use  of  a 
larger  network  of  BF  radars  in  tha 
Montaray  Bay  area.  This  znilti- 
institutional  effort  is  now  being 
organized  as  tha  Montaray  Bay  BF 
Radar  Consortium. 

DOD  XXT  TBCBHObOOT  ABBAt  Blactronlc 
Devices,  Environmental  Effects. 

KEXWORDSs  Currants,  BF  radar,  CODAR, 
Lagrangian  MaasurasMnts,  Tides,  Alr- 
saa  Interaction. 


461 


Oepartaent  of  Oceanography 

Sponsor  and  Funding:  Office  of  Naval  Research  and  *•>»* 
Naval  Postgraduate  School 


OBJSCXXVB:  To  provid*  a  long  tlaa 
sariaa  of  currant  maaauraaonts  ovar 
tha  uppar  slopa  in  an  Baatarn 
Boundary  Currant  ragion. 

StSBBUtT:  Tha  Haval  Poatgraduata 
School  (HPS)  bagan  obaarvatlona  of 
curranta  off  Pt.  Sur  in  May  1989  and 
wa  hava  baan  abla  to  maintain  a 
mooring  In  800m  of  watar  alnca  that 
tima.  Tha  mooring  waa  raplacad  In 
;^ril  1993 .  On  tha  Hadnaaday  bafora 
Thankaglvlng  1993,  tha  mooring  waa 
cut  abova  tha  acouatic  ralaaaaa  by  a 
trawlar.  All  aqulpmant  (and  data) 
waa  aubaaquantly  racovarad  and  tha 


mooring  waa  again  raplacad  on 
Pabruary  9,  1994. 

Tha  tima  aariaa  la  unlqua.  Ho  yaar 
appaara  to  ba  "typical”.  Although 
polaward  flow  dominataa,  oacillatloaa 
vary  from  bi«raakly  to  in  axcaaa  of 
200  daya.  Data  from  thla  tima  aariaa 
hava  baan  uaad  in  thaaaa  by  HPS 
atudanta  Tiach,  Sallback,  and  Blcka. 

DOD  KXT  TBCBHOLOOT  AHBAt  Bnviron- 
mantal  Bf facta. 

KXTHOKDSt  Continantal  Slopa,  Pt. 
Sur. 
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SATELLITE  OCBAM  COLOR  IN  THK  LITTORAL  ZQHB 
A.J.  Semtner,  Jr.,  Professor 
N.  Garfield,  Assistant  Professor 
Department  of  Oceanography 
Sponsor :  NAVOCBANO 
Funding:  Naval  Postgraduate  School 


OBJKTZVX:  The  purpose  Is  to  obtain 
ocean  color  data  from  the  soon  to  be 
launched  SeaNlFS  sensor  in  order  that 
these  data  will  be  available  in  the 
IDBA  Laboratory  for  both  teaching  and 
research  purposes.  The  shift  in 
naval  strategy  toward  a  force  capable 
of  operating  in  the  near  shore  region 
demands  Improved  surveillance 
capabilities.  Satellite  data  from 
the  visible  spectrum  stay  prove  to  be 
an  Important  tool  in  developing  these 
capabilities.  The  work  carried  out 
through  this  proposal  will  provide 
NPS  students  with  opportunity  to 
evaluate  the  potential  usefulness  of 
ocean  color  data  and  make 
recommendations  concerning  the 
incorporation  into  TBSS(3) 
capabilities. 


SUmiART:  The  SMQ/11  satellite 

receiving  antenna  Installed  on  the 
roof  of  Root  Hall  will  allow 
reception  of  SeaNlFS  ocean  color  data 
after  the  satellite  is  laxinched  in 
the  summer  of  1994.  The  work  carried 
out  here  is  to  ensure  the  capture  and 
processing  of  the  SeaNiFS  data. 

DOD  KKT  TBCHMOLOGr  ASUl:  Sensors, 

Environmental  Effects. 

KBTNOROS:  Ocean  Color,  Littoral 

Zone. 
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OCBMf  CLIMATl  MOPBL 
A.J.  Saatner,  Jr.,  Professor 
Deipertae&t  of  Oceanograidiy 
Sponsor:  Nstionel  Science  Foundetion 
Funding:  U.S.  Depertnent  of  Energy 
(for  the  CHMIlIP  Program  on  Cliamte  Research) 


OBJSCnvS:  Th«  purpos*  of  this 
pro j set  !•  to  transition  global  ocaan 
pradlctlon  aodala  onto  masalvaly 
parallal  eoaputars. 

SOBBRTz  Tha  fundad  raaaarch  is 
aovlng  an  axlating  global  addy- 
raaolvlng  ocaan  nodal  onto  naaslvaly 
parallal  eoaputars,  for  cllaata 
studias  ralatad  to  CBMOCP.  To  guida 
tha  propar  physical  davalopmant  of  a 
eoaprahansiva  a»dal,  selantlflc  study 
in  thraa  areas  is  being  undertaken t 
(1)  Investigation  of  tha  physics  of 
ocean  heat  transport}  (ii)  inclusion 
of  naar-surfaea  oceanic  processes 
relevant  to  eliawta}  and  (lii) 
examination  of  resolution 
raquiraaants  for  ocean  eliaate 
modeling.  The  final  and  most 
laportant  aspect  of  the  research  will 
be  tha  demonstration  of  feasibility 
and  scalability  of  a  cllauitically* 
sound  global  ocean  model  for  per¬ 


forming  multi-century  integrations  at 
a  grid  spacing  as  fine  as  1/8  degree 
on  massively  parallel  machines. 

VUBS^aaiamt  Samtner,  A.J.,  ‘Vary 
High-Resolution  Bstlswtes  of  Olobal 
Ocean  Circulation,  suitable  for 
Carbon  Cycle  Modeling, ■  in 
Proceedings  of  the  Snowmass  Olobal 
Change  Institute  on  the  Olobal  Carbon 
Cycle.  Office  of  Inter-disciplinary 
Research,  Boulder,  CO,  in  press. 

TBSSI8  DIRaCTSDt  O' Carroll, 
Rosemarie,  LT,  DSN,  "An  Analysis  of 
Bddy-Resolvlng  Olobal  Ocean  models  in 
the  Southern  Ocean,"  Master's  Thesis, 
September  1993. 

DOD  XBT  TBCHHDUXg  ASKA:  Computers. 
KBINORDSi  Ocean  Modeling. 
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•i  I’i  ■! 


MVMSm  OF  A  GLOBM.  KPDY  RBSOLVUIS  TBERMOPIinMIC 

OCKAH  MOPKL 


A.J.  Swtner,  Professor 
Department  of  Oceanography 
Sponsor:  Hatlonal  Science  Foundation 
Funding:  National  Science  Foundation/ 
Physical  Oceanography  Progran 


OBJSCTXVBx  Th«  purpoa*  o£  thla 
pro j act  is  to  davalop  global  ocaan 
pradlctlon  andala. 

SnSDUtT:  Raaaarch  la  balng  fundad  to 
laplanant  and  taat  a  £raa-aur£aea 
£omulatloa  £or  tha  global 
addy-raaolving  ocaan  nodal,  in  ordar 
to  laprova  cartaln  phyaical  and 
nuBiarical  aapacta  o£  tha  calculation. 
Slnca  vary  ccnpllcatad  gaoBMtrlaa  can 
ba  handlad,  tha  global  ocaan  ia  balng 
con£lgurad  with  £ully  raaliatlc 
gaoaatry,  including  tha  Arctic  Baaln 
and  all  marginal  aaaa,  at  both  1/2 
and  1/4  dagraa  grldalaaa.  Prognoatlc 
Intasiratlona  o£  tha  Inprovad  nodal 
ara  includad,  with  alnulationa  o£  20 
yaara  and  5 . 0  yaara  at  tha  two 
grldalaaa,  raapactivaly. 

SUBUCATZOSB:  Samtnar,  A.J.  and 


R.M.  Charvin,  "Including  Iddiaa  In 
Global  Ocaan  Modala,"  BOS. 
Tranaactlona.  Anarican  Oaopfayalcal 
Union,  Vol.  74,  No.  5,  p.  59,  1993. 

McCann,  M.P.,  Saaitnar,  A.J.,  and 
Charvin,  R.M.,  "Tranaporta  and 
Budgata  o£  Voluna,  Baat,  and  Salt 
£ron  a  Global  Bddy-Raaolving  Ocaan 
Modal,"  in  praaa. 

1BBSIS  DIRBCnOx  Marbla,  Oouglaa, 
LT,  USN,  "A  Modal  Analyaia  of 
Potantlal  Vortlclty  on  laopycxMl 
Surfacaa  for  tha  Global  Ocaan, " 
Maatar'a  Thaala,  Saptaebar  1993. 

DOD  KBT  TBCBNOLOGRr  ABBA:  Cceputars. 

KBXMORDS:  Ocaan  Modaling. 
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THE  TURBUIJENT  STRUCTORg  OF  EVOLVIMG  ABfTTC 
T.P.  Stanton,  Aaaoclate  Rasearch  Profaasor 
Departnent  of  Oceanography 
Sponsor:  Office  of  Naval  Research,  Small  Scale  PO 
Funding:  Cost  Share  QNR  and  the  Naval  Postgraduate  School 


OBJSCXTVBt  Th«  goal  of  this 
raaaarch  program  ia  to  daflna  tha 
dynamics  controlling  turbulant  fluxas 
In  tha  ocaan  mlxad  layar  aa  arctic 

laads  rafraasa. 

SUMMaRXt  A  4  waak  flald  program 
during  March  and  April  1992  provided 
an  opportunity  to  maasura  continuous 
profiles  of  mlcrostructura-rasolvlng 
toB^aratura,  salinity,  velocity  shear 
and  acoustic  backscattar  at  tha  down- 
currant  side  of  four  frash  arctic 
leads.  Simultaneous  quantitative 
video  tlmalapsa  records  of  tha  lead 
surface  structure  vara  recorded  at 
each  site. 

Over  1000  continuous  tlmasarias 
profiles  ware  recorded  with  our 
automated  profiling  system  providing 
a  unique  record  of  the  skaan  and 
turbulant  structure  over  a  range  of 
load  sixes  and  forcing  conditions. 

Tha  large  data  procasslng  task  on  tha 
80  Olgabytos  of  raw  data  has  been 
completed,  and  analyses  of  the 
dissipation  and  very  high  resolution 
T/S  profiles  is  in  progress.  A  paper 
describing  the  unexpected  reversal  of 
Btlxed  layer  heat  fluxes  by  solar 
radiation  has  boon  subailtted.  Two 
further  collaborative  papers  describ¬ 


ing  tha  changes  in  turbulence 
characteristics  of  the  ocean  boundary 
layer  and  their  relationship  to  ice 
fonnation  and  deformation  events  are 
currently  being  written  for 
submission  to  the  JOR  leads  and 
polynias  special  issue.  CTD 
tixMsorias  and  surface  condition  data 
have  been  contributed  to  the  LSAOIX 
database . 

PDBLICATIOMt  Stanton,  T.P.,  The 
Leadax  Group,  "The  LeadXx  Kxperiment" 
BOS.  Vol.  74,  p.  35,  August  1993. 

COMFBSJnCB  PSBSBRATIoni  Stanton, 
T.P.,  "Structure  of  Turbulent 
Boundary  Layers  under  Refreeslng 
Arctic  Leads,"  TOS  3rd  Scientific 
Meeting,  Abstract  2 -OCR- 120,  Seattle, 
WA,  13-16  April  1993. 

Stanton,  T.P.,  "Observations  of 
Shear,  Dissipation  and  Stress  Below 
Oceanic  Wind  Waves  Using  Coherent 
Acoustic  Profilers,”  Symposium  on  The 
Air-Sea  Interface,  Marseilles, 
France,  24-30  June  1993. 

DOD  XXT  TBCHHOLOOr  MMMAt  Environ¬ 
mental  Effects. 

KEYWORDS:  Arctic  Leads,  Ocaan 
Turbulence,  Mixed  Layer  Dynasties. 
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coHERgNT  AConsTic  SKDimarr  flux  probe 


T.P.  Stanton,  Assoclata  Researcli  Professor 
B.B.  Thornton,  Professor 
D^mrtaent  of  Oceanography 

Sponsor:  U.S.  Any  Engineer  Waterways  Experiment  Station 
Funding:  U.S.  Amy  Corps  of  Engineers 


OBJSCTIVSt  Th«  goal  o£  thla 
roaaarch  program  la  to  davalop  a  3 
componant  aadlmant  flux  proba  with 
high  taa^ral  emd  apatlal  raaolutlon 
for  usa  in  wava/sadlmant  transport 
studias.  Tha  slnultanaous  maasuramant 
of  tha  thraa- consonant  valoclty 
vactor,  dual-fraguancy  backscattar 
laval,  and  local  baam  attanuatlon 
will  provida  a  uniqua  capability  in 
tha  astimatlon  of  aadlmant  load  and 
f luxas . 

smsaURT:  Tha  GASP  proba  has  baen 
complatad  and  put  through  prallaiinary 
ocaan  flald  tasts  during  FY93.  Tha 
GASP  Instrumant  packaga  consists  of 
3,  5. SMBs  acoustic  transcaivars ,  ona 
1.3  MBs  transcaivar,  saquanca 
controllara,  tilt  sansors,  3 -axis 
accalaroBiatar,  pracassion  dapth 
sansor  and  high  spaad  digltlzar  and 
data  transBiisslon  systam.  The  1.4 
Mbaud  data  stream  from  tha  instrumant 
has  bean  designed  to  be  compatible 
with  oixr  existing  VGR-basad  recording 
systam,  DSP-basad  preprocessors,  back 
and  data  processing,  and  data 
visualization  tools. 

A  controlled  concentration  test  tank 


and  calibration  facility  has  bean 
complatad  during  FY93,  and  tha 
backscattar  calibration  mmmm 
inversion  problem  is  a  tha  ic  of 
current  thasls  work.  A  aport 
detailing  tha  operating  principals 
and  Implezwntation  of  the  GASP  proba 
has  bean  conqplatad  and  subaUttad  to 
tha  sponsors .  A  paper  and  patent 
describing  the  uniqua  capabilities  of 
this  Instrumant  is  being  prepared . 

PDBLIGATXOH:  Stanton,  T.P.,  "Tha 
Goherent  Acoustic  SadlsMnt  Flux  Proba 
(GASP) ,  ■  nSAK  Water  Ways  Ixparimant 
Station,  Arziy  Gorps  of  Inglnaars 
Report  for  contract  number  W81BWF-3- 
GD30,  Saptambar  1993. 

TBKSIS  DXRBCTBD:  Anderson,  W.,  LGDR, 
USB,  "Acoustic  Backscattar  Mass 
Goncentration  Techniques  for  a 
Sediment  Flux  probe,"  in  progress. 

DOD  KBT  TXCBMOLOOT  AKMAt 
Bnviroxunantal  Effects. 

KBTWORDS:  Sadlmant  Transport, 
Acoustic  Doppler,  Turbulent  Fluxes. 
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B.B.  Thozntom,  ProfMsor 
T.P.  Stantom,  Aaaociate  RasMrch  Profaaaor 
Dapartarat  of  Ocaanography 
Sponsor  and  Funding:  Offica  of  NSvml  Raaaaroh 


OSJSCTZVBt  Th«  long- tarn  goal*  ara 
to  pradlct  tha  wava-inducad  thraa- 
dlaanslonal  valoclty  flald  and 
Inducad  sadlaMnt  transport  ovar 
arbituary  bathyaatry  in  tha  naar 
ahora. 


Snaounr:  Abrau,  Larraxa  and  Thornton 
(1992)  davalopad  a  shallow  watar, 
nonllnaar  apaetral  wava 
transfomatlon  nodal  basad  on  tha 
radlatlva  transport  aquations 
dascrlblng  tha  ehanga  In  wava  action 
balanead  by  tha  nonllnaar  rasonant 
triad  Intaraetlons  dascrlbad  by  a 
collision  Integral}  good  agraanant  Is 
obtained  with  tha  high- resolution 
f raquancy-diractlonal  wava 
BMasurasMnta . 

Dodd,  OltsMn-Shay  and  Thornton  (1992) 
verified  tha  theoretical  siodal  for 
shear  instability  of  longshore 
currants  by  Bowen  and  Bolnan  (1990) 
using  SUPBRDUCX  flald  aaasurasMnts . 
Tha  longshore  currant  nodal  of 
Thornton  and  Whltford  (1993)  was  used 
to  Interpolate  tha  SUPBRDUCK  valoclty 
profiles.  Tha  shear  instability 
nodal  was  extended  to  Include  tha 
affects  of  dissipation  In  the  fom  of 
botton  friction.  Dodd  and  Thornton 
(1990)  had  earlier  shown  that  a 
necessary  condition  for  tha  growth  of 
tha  Instability  Is  that  there  be  a 
transfer  of  nananttm  of  tha  naan  flow 
to  tha  cross -shore  gradient  of  tha 
covariance  of  tha  horlsontal  valoclty 
of  tha  perturbed  flow,  l.a.  a  cross- 
shora  gradient  of  tha  Reynolds' 
stress  due  to  tha  shear  Instability 
nust  exist.  Church,  Thornton,  and 
Oltnan-Shay  (1993)  calibrated  this 
nonantun  nixing  by  shear 
Instabilities  to  show  that  they  can 


causa  sufficient  nixing  to  explain 
daflelanclas  in  our  present  longshore 
currant  nodals. 

Thornton  and  Kin  (1993)  showed  that 
tha  variability  of  longshore  currants 
associated  with  tidal  affects  Is 
0(1).  Breaking  wava  heights  are 
nodulated  by  tha  changing  dapth  of 
water  due  to  tha  tide  elevation, 
which  in  turn  8K>dulata  tha  longshore 
currants  inside  tha  surf  sons  at  tha 
tidal  fraquancy.  Tha  hypothesis  was 
verified  using  tha  DKLXXAH  data. 

During  tha  vpconing  DIICK94  axparlnant 
dopplar  acoustic,  starao-vidao  and 
surveying  technologies  to  develop  imiw 
instruBMntatlon  will  be  InplasMntad 
to  naka  unique  naasuranants  of 
sadlstant  transport,  turbulence, 
breaking  waves  and  snail -scale 
8»rphology.  Direct  neasurssMnta  will 
be  BUida  of  suspended  and  bedload 
sadinant  flux,  stress,  and 
dissipation  ovar  tha  vertical,  snail - 
scale  morphology  including  ripples 
and  maga-rlpplas,  breaking  wave 
characteristics  and  the  vertical 
structure  of  sman  currents. 

PUBUCATIoaSt  Abreu,  M.,  Larrasa, 
A.,  and  Thornton,  B.,  "Mbnlinear 
Transfomatlon  of  Directional  Wave 
Spectra  in  Shallow  Waver,  Journal  of 
Geophysical  Research,  Vol.  97,  Mb. 
CIO,  pp.  15579-15589,  1992. 

Whitford,  D.J.  and  Thornton,  B.B., 
"Cooparison  of  Wind  and  Wave  Forcing 
of  Longshore  Currents,"  Continental 
Shelf  Research.  Vol.  13,  HO.  11,  pp. 
1205-1218,  1993. 
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Church,  J.C.  and  Thornton,  B.B., 
■Bffaeta  of  Breaking  Wave  Induced 
Turbulence  within  a  Longshore  Current 
Model , •  Journal  of  Coastal 
■naineerinq.  Vol.  20,  pp.  1-28,  1993. 

Thornton,  B.B.  and  Kim,  C.S., 
"Longshore  Current  and  Nave  Height 
Modulation  at  Tidal  Frequency  Inside 
the  Surf  Zone,"  Journal  of 
geophysical  Research.  Vol.  98,  Mo. 
C9,  pp.  1C509-18519,  1993. 

Thornton,  B.B.  and  Church,  J.C., 
"Modeling  Strong  Longshore  Currents 
during  DBLILAH, "  in  Proceedings  of 
the  23rd  Coastal  Bngineering 
Conference,  American  Society  of  Civil 
Bngineers,  pp.  2999-3011,  1992. 

Church,  J.C.,  Thornton,  B.B.,  and 
OltSMA-Shay,  J.,  "Mixing  by  Shear 
Instabilities  of  the  Longshore 
Current, "  in  Proceedings  of  the  23rd 
Coastal  Bngineering  Conference, 
American  Society  of  civil  Bngineers, 
pp.  3013-3025,  1992. 

Oodd,  N.  and  Thornton,  B.B., 
"Longshore  Current  Instabilities: 
Growth  to  Finite  Asqplltude,"  in 
Proceedings  of  the  23rd  Coastal 
Bngineering  Conference,  AsMrican 
Society  of  Civil  Bngineers,  pp.  2655- 
2668,  1992. 

CtMlFBBKHCM  FBMSBHXATIOMS t  Thornton, 
B.B.,  and  Church,  J.C.,  "Modeling 
Strong  Longshore  Currents  during 
DBLILAH,  "  International  Conference  on 
Coastal  Bngineering,  Venice,  Italy, 
4-10  October  1992. 

Church,  J.C.,  Thornton,  B.B.,  and 
Oltman-Shay,  J.,  "Mixing  by  Shear 
Instabilities  of  the  Longshore 
Current, "  International  Conference  on 
Coastal  Bngineering,  Venice,  Italy, 
4-10  October  1992. 

Kim,  C.S.  and  Thornton,  B.B.,  "Tidal 
Modulation  of  Longshore  Currents , " 


International  Conference  on  Coastal 
Bngineering,  Venice,  Italy,  4-10 
October  1992. 

Dodd,  M.  and  Thornton,  B.B., 
"Longshore  Current  Instabilities: 
growth  to  Finite  Amplitude, " 
International  Conference  on  Coastal 
Bngineering,  Venice,  Italy,  4-10 
October  1992. 

Thornton,  B.B.,  (Invited),  "Mear 
Shore  Process  Studies:  Past,  Present 
and  Future , "  Portuguese  Hydrographic 
Institute,  13  October  1992. 

Humlston,  R.  and  Thornton,  B.B., 
"Cross -shore  Transport  during 
DBLILAH, "  Fall  Meeting  -  American 
Geophysical  Union,  San  Francisco,  CA, 
7-10  DecoB0>er  1992. 

Thornton,  B.B.  and  Church,  J.C., 
"Set -up /Down  During  DBLILAH, "  Fall 
Meeting  -  AsMrlcan  Geophysical  TJnion, 
San  Francisco,  CA,  7-10  December 
1992. 

Oltman-Shay,  J.,  Howd,  P.A.,  Holman, 
R.A.,  Guza,  R.T.,  and  Thornton,  B.B., 
"Bvidenca  of  High  Mode  Infragravity 
Bdge  Naves  in  the  Nearshore,"  Fall 
Meeting  -  American  Geophysical  Uhion, 
San  Francisco,  CA,  7-10  December 
1992. 

Llppsian,  T.,  Holman,  R.A.,  and 
Thornton,  B.B.,  "Nave  Breaking  in  the 
Trough  of  a  Natural  Sand  Bar,"  Fall 
Meeting  -  American  Geophysical  Uhion, 
San  Francisco,  CA,  7-10  December 
1992. 

THBSBS  DISMCTBD:  Humiston,  Randall, 
T.,  "Cross-Shore  Sediment  Transport 
on  a  Naturally  Barred  Beach, " 
Master's  Thesis,  March  1993. 

Brookins,  A.  Henry,  "Ocean  Nave 
Height  Transformation  Model  Using 
Surface  Roller  Theory,"  Master's 
Thesis,  June  1993. 
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Otureh,  John  Casoy.  ■Topics  In 
Longshoro  Curronta,"  Ph.D 
Diaaortation,  Saptaad»ar  1993. 

OOO  MMX  l'»tiWWI«Ogr  XMOBkt  Invlron- 
aMntal  If facta. 

UlWWJSi  Naarahora  Procaaaaa« 
Surfaca  Wavaa.  X<ongahora  Curranta, 
Surf  Zona. 


SURF  AMP  TSmXR  SHORE  CPKIUPIT 

B.B.  Thoznton,  Professor 
DeipartMnt  of  Ocesnogrsi^y 
Sponsor  and  Funding;  Office  of  Naval  Research 


OBJKTZVI:  Tha  objactlva  la  to 
pradict  tha  avolution  of  wavaa  acroaa 
tha  aurf  aona  and  tha  cturranta  in  tha 
naarahora  dua  to  wavaa,  wind  and 
tidal  Influancaa. 

SIMBUnrt  Tha  a\irf  pradlctlon  portion 
of  tha  TISS  2.2  la  baaad  on 
daaerlhlng  tha  wavaa  aa  narrow  bandad 
with  a  alngla  fraguancy  and  alngla 
dlractlon  with  randoaaiaaa  daacrlbad 
via  tha  probability  dlatributlon  of 
wava  haighta.  Pradlctlona  raquira 
tha  apacifleatlon  of  two  dlaaipation 
paraaMtara  to  pradict  wava 
tranafonaatlon  and  two  additional 
paraaatara,  bad  ahaar  atraaa  and 
turbulant  adxlng  coafflclanta,  to 
pradict  longahora  curranta.  Tha 
eoeplaxltlaa  of  braafclng  wava 
proeaaaaa  within  tha  aurf  aona 
raquira  that  thaaa  coafflclanta  ba 
datamlnad  aaiplrically.  Fiald 
a;9arlBanta  ara  raqulrad  for  tha 
aaplrical  dataxadnatlon  of  tha 
coafflclanta  dua  to  acallng  problana 
of  laboratory  axparlaanta.  Tha  8»dal 
givaa  raaaonabla  raaulta  for  naar 
planar  beaehaa,  but  quaatlonabla 
raaulta  on  barrad  baachaa.  Tha  aurf 
pradlctlon  nodal  la  balng  taatad  and 
validatad  utlliaing  tha  cosprahanaiva 
wava  and  currant  data  on  tha  barrad 


baach  acquirad  during  tha  DILZZAH 
axparlaant  eonductad  off  tha 
outarbanka  of  North  CarolliM. 
Prograaa  to  data  ineludaat 

1)  Tha  DlLltAH  a;^arieaTit  data  wera 
archivad.  Tha  data  wara  acquirad 
continuoualy  ovar  a  19  day  pariod  at 
a  aaapling  rata  of  8Ba.  Tha  data  has 
baan  archivad  In  taraui  of  wave 
haight,  currant,  earn  wava  dlractlon, 
paak  pariod  and  bathyeatry. 

2)  Tha  wava  traiwforeatloa  nodal  was 
taatad  to  allow  opacification  of 
dlaaipation  paranatara  and  naka  tha 
aodal  aora  robuat.  Tha  optlnal 
paranatara  in  tha  wava  transforawtlon 
B»dal  deacrlblng  braaklng  wava 
Intanaity  and  wava  aaturatlon  hava 
baan  datamlnad  by  laast  aquara  fits 
with  74  data  sats  covaring  a  wide 
ranga  of  wava  conditions.  Thasa 
paranatara  ara  ccnblnad  Into  a  alngla 
paramtar  and  ralatad  to  wava 
ataapnaaa  and  baach  alopa. 

3)  Tha  wava  tranafomatlon  nodal  haa 
baan  radarivad  to  includa  tha  affacta 
of  a  aurfaca  rollar  daacrlblng 
braaklng  wavaa  and  dlaaipation 
(Brooklna,  1993i  Brooklna,  at  al, 
1993) .  Tha  raaulting  fomulatlon 
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•Iso  has  two  parssMtsrs  to  bs 
spaoifisd,  ths  stsspnsss  of  ths 
brsaking  wavs  faca  and  tha  wava 
saturation  paraawtar.  Tha  nodal  was 
run  for  various  casas  of  naar  planar 
(Torray  Pinas  and  Santa  Barbara)  and 
barrad  (OHiILAH)  baachas.  It  was 
found  that  tha  nodal  is  Insansltiva 
to  tha  staapnass  of  tha  braakar  faca 
and  nodarata  to  waakly  sansltlva  to 
wava  saturation.  Running  tha  naw 
nodal  with  tha  now  spaclflad 
parasMtars  and  eosvarlng  with  data 
rasults  in  a  40%  laq;>rovanant  in  tha 
ms  arror  ovar  tha  prasant  TXSS 
nodal.  Tha  avaraga  ms  arror  for  all 
runs  is  lass  than  5%. 


TBBSI8  OIRBCTDt  Brookins,  H.,  ■Wava 
Transfonution  Rollar  Modal," 
Mastar's  Thssis,  1993. 

DOO  KIT  TNOBMObOOT  BBMBt  Bnvlron- 
nantal  Bf facts. 

UTWORDS:  Maarshora  Proeassas, 
Surfaca  Wavas,  Longshora  Currants, 
Surf  Zona. 
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OOJMCTXVBi  Wavas  ara  naasurad  on 
both  sidas  of  tha  Montaray  braakwatar 
using  an  array  of  prassura  sansors  to 
dataradna  tha  transaiittad  and 
raflactad  wava  anargy  spactra. 
Conditions  bafora  and  aftar  rapair  of 
tha  braakwatar  ara  conparad  to 
datarnina  tha  inprovad 
charactarlstlcs  of  wava  protaction  by 
tha  braakwatar. 

SHMIBKT:  A  six  alanant  array  of 
prassura  sansors  wars  installad  on 
tha  ocaan  slda  and  a  slngla  prassura 
sansor  Inslda  of  tha  Montaray 
braakwatar  to  datarnina  tha  raflactad 
and  transmit  tad  wava  anargy  spactra. 
Conditions  bafora  and  aftar  rapair  of 


tha  braakwatar  ara  baing  cceparad  to 
datarmlna  tha  improvad 
charactarlstlcs  of  wavs  protaction  by 
tha  braakwatar.  A  ganaralisad 
methodology  to  datarmlna  tha  spaetral 
raflaction  characteristics  has  been 
derived.  This  procedure  is  baing 
tasted  with  a  wide  variety  of  wava 
conditions  acqulrad  to  axamina  tha 
robustness  of  the  methodology  and  tha 
amount  of  nonllnaarlty  of  tha 
transmission  proeassas. 

DOO  KMT  TMCHHOIOOT  ARMAt  Bnvlron- 
mantal  Effects. 

KBTWORDS:  Maarshora  Proeassas, 

Surfaca  Wavas,  Braakwatar. 
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DBPARIMBIIT  OF  OPBRATIQHS  RBSBARCH 


Th«  r«a«arch  program  in  tha  dapartmant  of  Oparationa  Raaaareh  aaaka  to  advanca 
tha  fiald'a  atata  of  knowladga  in  araaa  lBq>ortant  to  tha  Dapartmant  of  Mavy, 
Dapartmant  of  Dafanaa,  and  military  planning.  Tha  atudy  of  oparational  problama 
oftan  involvaa  tha  atructuring  and  Intagration  of  a  numbar  of  intardlaciplinary 
coavonanta,  and  tha  raault  la  a  vary  rich  collactlon  of  applicatlona .  In  many 
Inataneaa  tha  mathodologlaa  davalopad  ara  of  ganaral  intaraat  axtanding  wall 
bayond  tha  problama  that  apawnad  tham.  In  thaaa  caaaa  our  raaaarchara  will 
ganarallaa  thalr  work  and  aaak  broadar  racognltlon. 

Thia  raport  contalna  tha  raaaareh  aummariaa  aubmittad  by  tha  dapartmant  faculty 
for  tha  calandar  yaar  1992.  For  tha  convanianca  of  tha  raadar,  a  "auanary  of  tha 
auaauiriaa”  appaara  in  thia  covar  atatamant.  It  is  organizad  according  to  acadoad.c 
contant/  and  tha  daacriptiona  ara  largely  in  terma  of  tha  applied  problama 
treated.  Authora  ara  Idantlflad  in  parentheses,  £uid  upon  occasion,  names  of 
collaborators  outside  of  our  department  ara  also  idantlflad.  Tha  specific  araaa 
currently  raprasantad  ara  optisiization,  stochastic  models  and  simulation, 
statistics  and  data  analysis,  combat  modelling  and  war  gasiing.  Sponsors  are  not 
ImaMdlataly  Idantlflad,  but  can  ba  located  in  the  individual  sumaiarlas. 

Tangible  output  appears  in  tha  form  of  student  thasas,  reports  to  sponsors, 
confaranca  presentations,  Haval  Postgraduate  School  technical  reports,  and 
rafaraad  articles  in  tha  open  professional  literature.  The  research  sumaMrias  of 
dapartmant  faculty  whose  efforts  involved  projects  sponsored  outside  of  tha 
dapartaiant  ara  reported  alsawhara.  Also,  research  involving  security  classified 
matters  ara  not  reported  here. 


OPTTmZATIQW 

Research  continues  into  tha  development  of  theory  and  algorithsis  for  tha  solution 
of  large-scale  optimization  models;  taebniguas  were  davalopad  for  tha  automatic 
aiqploltatlon  of  special  structure  (Bradley,  Brown,  Wood) .  Bfflcianclas  of  NATO's 
Intamatlonal  nuinbering  and  routing  schema  are  under  study  (Kampla,  Bailey, 
Sovereign) .  Optimization  based  decision  tools  are  being  davalopad  for  the 
analysis  of  Army  base  realignment  and  closure  (Dell,  Parry,  Rosenthal) .  An 
optimization  model  for  scheduling  Coast  Guard  assets  has  been  developed  (Bailey, 
Dell,  Olazabrook) . 

PC  based  computer  models  have  been  developed  to  overview  the  Army' s  delayed  entry 
program  lossas  (Milch) .  A  forecast  model  for  the  probability  that  a  recruit 
Invalidates  his  enlistment  contract  has  been  formulated  (Lawphongpanlch,  Milch, 
Whitaker)  .  A  tool  for  realigning  tha  Navy's  recruiting  station  structure  has  bean 
developed  (Hallwachs,  Lawphonpanlch)  .  The  realignment  of  Army  recruiting  stations 
based  upon  anticipated  contracts  is  under  study  (Lawphongpanlch,  Sohn) .  Tha 
optimization  of  the  Army's  recruiting  advertising  budget  is  tinder  study  (Sohn) . 

New  mathods  have  bean  applied  to  the  problem  of  optimizing  tha  assignment  of 
fraquanclas  to  a  direction  finding  network  (Washburn) . 
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Th«  d«v«lopMnt  o£  aodala  for  tho  aggrogatlon  of  daaago  duo  to  wapona  aalaoa 
eoatiauaa  (laary)  .  Initiation  of  aMthoda  to  foracaat  tha  dagradation  of  aircraft 
raadlnaaa  haa  bagun  (Oavar«  Jaooba) .  Modala  of  organic  call  ra^pcaaa  to  toxina 
have  baan  propoaad  (Oavar,  Jaeoba) .  Work  contlnuaa  on  anvlronacntal  ahapaa  and 
a  hiararchieal  a»dol  for  a  Polaaon  tina  aariaa  haa  baan  introdnead.  (Oarar* 
Jaeoba) . 

Tha  work  on  tha  rallabillty  raqulraaanta  of  atajor  eallbar  aMunition  oontinnaai 
tha  thraahold  apaeiflad  by  tha  nodal  haa  baan  iaplaanntad  oparationally  (Bailay, 
Nhltakar) .  Work  on  tha  ayatam  affactivanaaa  for  tha  MkTO  Saaaparrow  ooatlnuaa 
(Wooda) . 


gTmsTiQg  MP  D^TA 

Maw  atatiatieal  BMtaorologieal  pradlctlon  arror  a»dala  hava  baan  dawalopad  and 
aaaaaaad  (Oavar,  Jaeoba) . 

knalyaia  of  bioaaaay  data  ralavant  to  toxieologieal  phanenana  (Oavar,  Jaeoba) . 
Raaaareh  into  tha  aaaaaaaant  of  eonputar  aoftwara  quality  haa  bagun  (Oavar) .  Work 
on  tha  calibration  of  undarwatar  taat  rangaa  continuaa  (Raad) .  A  eonparatlva 
atudy  of  two  ataga  aatimation  of  failura  rataa  waa  aeeoapllahad  (8ohn) . 

Tha  dapartBMmt  haa  initlatad  davalopauint  of  a  atrong  capability  in  tha  araa  of 
eatagorical  data  analyaia  with  a  variaty  of  aetlvitiaa  (Whltakar,  Raad.  Bailay, 
Laraon,  Kaaq;>la,  Sohn) . 

A  atatiatieal  atudy  of  aonthly  attrition  of  Marina  Corpa  offleara  haa  baan 
eooplatad  (Raad) .  Study  haa  bagun  on  laauaa  ralatlng  to  eonfldanea  aaaaaaaanta 
for  alanilation  aodala  uaad  by  tha  Stratagle  Oafanaa  Initiative  office  Kaavla, 
Bailay,  Sovaralgn,  Purdua) .  Study  of  atratlgraphic  eorralationa  in  geological 
data  contlnuaa  (kaapla,  Sadlar,  Droaar,  Strauaa)  .  Study  of  tha  Amy' a  Racruiting 
raaourea  planning  ayatan  haa  bagun  (Laraon,  Raad,  Kallar) . 


HMtOMOliO  AMD  COMBAT  ANALYSIS 

Work  haa  continuad  on  tha  atochaatic  hiararchieal  aodaling  of  thaatar  oowbat, 
(Oavar,  Jaeoba,  Parry) . 

Work  on  tha  battla  group  loglatlea  aupport  ayatan  contlnuaa  (Sehrady,  laakari) . 
Tha  ganaration  of  battla  anhanead  analyaia  nathoda  contlnuaa  (Ziaraon,  Kaapla) . 
Tha  chair  of  aurging  tacbnologiaa  (Marahall)  continuad  ita  aetlvitiaa  in 
aodaling  and  aponaoring  a  aaadnar  aariaa.  Tha  adlltary  worth  of  ataying  power  ia 
under  atudy  (Mughaa) . 
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M.P.  Ballay,  Assistant  Professor 
L.R.  Whitakar,  Associate  Professor 
Department  of  Operations  Research 
Sponsor  and  Funding:  Naval  Weapons  Support  Center, 
Crane  Division,  Crane,  IN 


OBOacnVBt  Multiyear  project  dealing 
with  the  required  reliability  of 
ooaponents  of  major  caliber 
asBunitioa,  the  goal  being  a 
preacrlbed  level  of  mission 
effectiveness  for  naval  gunfire 
svpport. 

Snanunrx  as  of  l  Jan  94,  every  autjor 
caliber  ammunition  component 
purchased  has  Its  reliability 
threshold  established  through  the  use 
of  our  model  and  SMthodology.  All 
stockpile  maintenance  actions  are 
also  driven  using  criteria  derived 
from  our  effort. 

The  model  used  to  analyse  reliability 
issues  Is  equally  suited  to  deteradne 
the  effects  of  improving  training  of 
the  gun  crew.  CONKAVSURruuiT  is 
pursuing  this  initiative.  In 
addition,  the  same  command  Is 
proposing  that  the  methodology  of 
linking  system  performance  to  mission 
effectiveness  be  used  to  evaluate 
readiness  In  all  Naval  adsslona. 

During  the  study.  It  becasM  apparent 
that  there  existed  times  when  ships 
firing  NOFS  lost  calibration  In  a 
weapon  or  a  navigational  aid.  The 
result  was  a  severe  loss  In 
effectiveness  of  the  ship,  as  well  as 
wasted  ammunition  and  range  time.  We 
have  developed  a  methodology,  based 
on  statistical  process  control,  which 
allows  the  ship  to  recognise  these 
situations  quickly.  The  siethod 


allows  the  ship  to  take  expedient 
corrective  action  and  resume  the 
adsslon.  The  methodology  Is  now 
being  tested  at  the  Atlantic  Fleet 
Weapons  Test  Facility  (AFNTF)  and 
will  probably  be  employed 
operationally  before  the  end  of  1994. 

PUBLICATiaMt  Bailey,  M.P.,  Callahan, 
A.J.  and  Bowden,  J.,  ‘Managing  Ship 
Parfonaanca  of  Naval  Gunfire  St^port 
using  Statistical  Process  Control," 
In  Proceedings  of  the  AOPA  Conference 
on  Statistical  Process  Control, 
(expanded  version  sufaad.tted  to 
Military  Operations  Research) . 


COMFEBKMCN  PMSSMFrilTIOWB  I  Bailey, 
M.P.,  "Implanentation  of  Reliability 
Goal  Determination  Methods  In 
Procurement  and  Surveillance,  "  JMBMS- 
Nethodology  Working  Group,  Dahlgren 
VA,  September  1993 . 

Bailey,  M.P.,  Callahan,  A.J.,  and 
Bowden,  J.,  "Managing  Ship 
Performance  of  Naval  Gunfire  Support 
using  Statistical  Process  Control," 
ADPA  Conference  on  Statistical 
Process  Control,  San  Diego,  CA, 
August  1993. 

DOD  XR  TBCBHOLOOr  ARMA:  Computers, 
Software. 

KBXWORDS:  Design  Automation. 
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lAttOK-gCAU  OPTIMIZATIOII 
O.H.  Bradley,  Profasaor 
G.O.  Brown,  Profasaor 
R.K.  Wood,  Aasoclata  Professor 
Oepartasent  of  Operations  Research 
Sponsor  and  Funding:  Office  of  Naval  Research 


OIUSCTZVIt  This  contlnulog  research 
prograa  develops  theory  end 
algorlthsts  for  solution  of  large- 
scale  optlsdsatlon  andels. 

SOBimt  Techniques  were  developed 
for  autOBiatlc  exploitation  of  special 
structure  In  branch- and -bound 
solutions  of  Integar  prograssolng 
problems.  The  X-System 
linear /nonllnear/lnteger  optlsilzer 
was  linked  to  the  QkMS  slgebralc 
modeling  system  to  make  this  state- 
of-the-art  optmlsar  mora  widely 
available  to  users,  especially  In  the 
DoO.  OasM  theoretic  models  and 
algorithms  were  developed  with 
applications  to  the  Interdiction  of 
Illegal  drugs  and  precursor  chemicals 
In  Latin  America.  NBTWORX  ASSISTANT, 
a  prototyplc  system  of  portable  C 
program  modules  for  supporting  the 
construction  of  efficient  network  and 
graph  algorithms  was  successfully 
Implemented.  Research  began  on  the 
persistence  of  solutions  among 
related  siathematlcal  programming 
models . 

PUBUCATIOHS :  Brown,  O.  and 
Vaaslllou,  A. ,  "Optimizing  Disaster 
Relief:  Real-Time  Operational  and 
Tactical  Decision  Support,"  Naval 
Raaearch  Logistics.  Vol.  40,  pp.  1- 
23,  1993. 

Wood,  K.,  "Datarzilnlstlc  Network 
Interdiction, "  Mathematical  and 
Computer  Modeling.  Vol.  17,  pp.  1-18, 
1993. 

Wood,  K.,  De  Wolfe,  D.,  and  Stevens, 
J. ,  "Setting  Military  Raanllstment 


Bonuses,"  Naval  Research  Logistics, 
Vol.  40,  pp.  143-160,  1993. 

Brown,  0.  and  Olson,  M.,  "Dynamic 
Factorization  In  Large-Scale 
Optlzilzatlon, "  NFS  Technical  Report 
NPS-OR-93-008,  May  1993,  (also  to 
appear  In  Mathematl"i?i  . 

I 

Brown,  0.,  Coulter,  D.  and  Washburn, 
A.,  "Sortie  Optimisation  and 
Munitions  Planning, "  MP8  Technical 
Report  MPS-OR-93-011,  May  1993,  (also 
subsdtted  for  review) . 

Brown,  O.  and  Olson,  M. ,  "Slastlc 
Modeling  with  the  X-System  and  OAMS," 
User's  Manual,  June  1993. 

OTBKR:  Brown,  O.,  Bausch,  D.,  and 
Ronan,  D.,  "Dispatching  Lube  Oil 
Products,"  subad.ttod  for  review. 

Wood,  K.  and  Washburn,  A.,  "Oama 
Theoretic  Models  for  Network 
Interdiction, "  submitted  for  review. 

COMFKRXHCB  PRISBRATZONS  t  Bradley, 
G.,  "Overview  of  NBTWORX  ASSISTANT," 
ORSA/TIMS  Joint  National  Meeting,  San 
Francisco,  CA,  1-4  November  1992. 

Bradley,  O.  and  Oliveira,  H.,  "Using 
NBTWORX  ASSISTANT  to  Xvaluate  Graph 
and  Network  Algorlthaui, "  ORSA/TIMS 
Joint  National  Meeting,  San 
Francisco,  CA,  1-4  Moveaber  1992. 

Wood,  K.  and  Washburn,  A.,  "Game- 
Theoretic  Network  Interdiction 
Models,"  ORSA/TIMS  Joint  NatloiMl 
Meeting,  San  Francisco,  CA,  1-4 
November  1992. 
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Brown,  O.,  Wood,  K.,  Mamor,  J.,  and 
McBrlda,  R.,  "Solving  a  Larga-Scale 
Oonarallsad  Multi -Coamodlty  Flow 
Problam, "  ORSA/TZMS  Joint  National 
Mooting,  San  Francisco,  CA,  1-4 
Hovoabor  1992. 

Bradloy,  O. ,  "Optimization  of  Capital 
Portfolios  in  tho  Tolephone 
Industry, "  Managoment  Sclance 
Soadnar,  Onlvorslty  of  Chicago,  13 
May  1993. 

THBSIS  DIRMCTSD:  Osbom,  S., 
"MPAMOD:  An  Optimization  Modal  for 
Marltlmo  Patrol  Aviation 
Modomlzation  Planning,”  Master's 
Thesis,  March  1993,  (K.  Wood, 
advisor) . 

JUstlco,  B.,  "A  Scheduling  Model  for 
the  n.S.  Marine  Corps  Communications - 
Blectronlcs  School,"  Master's  Thesis, 
September  1993,  (G.  Brown  and  K. 
Wood,  advisors) . 

Dettbam,  J.,  "A  Model  for  Scheduling 
Airborne  Barly  Warning  Aircraft  for 


Countemarcotic  Air  Interdiction, " 
Master's  Thesis,  September  1993,  (X. 
Wood,  advisor) . 

Sweeny,  J. ,  "An  Officer  Staffing  Goal 
Model  for  the  XT.S.  Marine  Corps,” 
Master's  Thesis,  September  1993,  (X. 
Wood,  advisor) . 

Van  Brabant,  J  .  "A  Monthly  Squadron 
Sortie  Scheduling  Model  for  Improved 
Combat  Readiness,"  Master's  Thesis, 
September  1993,  (X.  Wood,  advisor). 

Wu,  H.,  "A  Prototypic  Modal  for 
Scheduling  Courses  at  the  Naval 
Postgraduate  School,"  Decead>er  1993, 
(X.  Wood,  advisor) . 

DOD  XKT  TBCHHOLOGT  ARKAi  Other. 

XXXWORDS:  Optlaiization,  Integer 
Programming,  Networlc  Interdiction. 
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O.H.  Bradley,  Profaaaor 
0.0.  Broim,  Profaaaor 
B.K.  Wood,  Aaaoelata  Profaaaor 
Dapartaant  of  Oparationa  Raaaarch 
Sponaor  and  Fundings  Air  Force  Office  of  Scientific  Beaearch 


OBjncnVBt  This  continuing  roaoareh 
prograa  dovolops  theory  and 
algerlthaa  for  dataetlng  and 
exploiting  apaeial  atruetura  in 
larga-aeala  optiadaatlon  nodala  uaad 
by  the  OSAP  for  planning  conventional 
air-to-ground  nunltiona  procuranant. 

anaaxri  Tachnlquaa  ware  developed 
for  autOMtlc  exploitation  of  apaeial 
atruetura  in  linear  prograaa  and  in 
braneh-and-bound  aolutlona  of  integer 
prograaeing  problaea.  The  X-ayatam 
linear /non- linear /integer  optladaer 
waa  aueeaaafully  narrlad  with  the 
Gams  algebraic  nodeling  ayatam  to 
■aka  thla  atate-of-the-art  optladaer 
■ore  widely  available  to  uaara, 
eapeclally  in  the  DoD. 

VUBLXCATZOnt  Brown,  O. ,  Coulter, 
D.,  and  Naahbum,  A.,  "Sortie 
Optlalsatlon  and  Nunltiona  Plasming, " 
UPS  Technical  Report  NPS-OR-93-011, 
Nay  1993,  (alao  aubadtted  for 
review) . 

Brown,  O.  and  Olaon,  N.,  "Dynaade 
Faetorlaation  in  Large-Scale 
Optiadaation, "  NFS  Technical  Report 
NPS-OR-93-008,  Nay  1993,  (Alao  to 
appear  in  mtilfTHrlf  ^  . 

Brown,  O.  and  Olaon,  N.,  "Blaatie 
Nodeling  with  the  X-Syatea  OANS," 
Uaer'a  Nanual,  June  1993. 

Brown,  O.  and  Vaaalllou,  A., 
"Optlaisating  Dlaaater  Relief:  Real- 
TiaM  Operational  And  Tactical 
Declalon  Support,"  Naval  Reaearch 
Lofliatica,  Vol.  40,  pp.  1-23,  1993. 


Wood,  X.,  "OeterBinlatio  Network 
Interdiction, "  Nathaaat-'tg^i 
Coaputer  Nodeling.  Vol.  17,  pp.  1-lS, 
1993. 

Wood,  K.,  DeWolfe,  0.,  and  Stevena, 
J.,  "Setting  Nllitary  Reenliataant 
Bonuaea,"  Naval  Reaearch  Loeiatioa. 
Vol.  40,  pp.  143-lSO,  1993. 

OTBBR:  Brown,  O.,  Bauaoh,  D.,  and 

Ronan,  D. ,  "Diapatching  Lube  Oil 
Producta,"  aub«itted  for  review. 

Wood,  K.  and  Waahbum,  A.,  "Oane 
Theoretic  Nodela  for  Network 
Interdiction,"  aufaedtted  for  review. 

OQNPNRBNCN  PRNBBNXATXONBt  Bradley, 
O.,  "Overview  of  NBTNORX  ASSISTANT," 
ORSA/TINS  Joint  National  Neetlng,  San 
Pranciaco,  CA,  1-4  Novaaiher  1992. 

Bradley,  O.  and  Oliveira,  H. ,  "Daing 
NXTWORX  ASSISTANT  to  Bvaluate 
Algorithna, "  ORSA/TINS  Joint  National 
Neetlng,  San  Pranciaco,  CA,  1-4 

Noveaber  1992. 

Wood,  K.  and  Waahbxim,  A.,  "0a»a- 

Theoretic  Network  Interdiction 
Nodela,"  ORSA/TINS  Joint  National 
Neetlng,  San  Pranciaco,  CA,  1-4 

NovoaO>or  1992. 

Brown,  O.,  Wood,  K.,  Naaar,  J.,  and 
NcBride,  R.,  "Solving  a  Large-Scale 
Oeneraliaed  Nulti-Ccanodlty  Plow 
Problem, "  ORSA/TINS  Joint  National 
Neetlng,  San  Pranciaco,  CA,  1-4 

Novoad»er  1992. 


Bradl«y>  O.,  "Optimisation  of  Capital 
Portfolios  In  tha  Talaphona 
Industry, "  Managamant  Sclanea 
Samlnar,  OUlvarslty  of  Chicago,  XL, 
13  May  1993. 

DIsacnD:  Osborn,  A., 
■MPAMOD:  An  Optlaiization  Modal  for 
Maritime  Patrol  Aviation 
Modamlzation  Planning,"  Master's 
Thesis,  March  1993,  (K.  Wood, 
advisor) . 

justice,  B.,  "A  Scheduling  Model  for 
the  n.S.  Marine  Corps  Cossninlcatlon* 
Blectronlcs  School,"  Master's  Thesis, 
Septsadber  1993,  (O.  Brown  and  K. 
Wood,  advisors) . 

Dettbam,  J. ,  "A  Model  for  Scheduling 
Airborne  Barly  Warning  Aircraft  for 
Countemarcotlc  Air  Interdiction, " 
Master's  Thesis,  September  1993,  (K. 
Wood,  advisor) . 


Sweeny,  J.,  "An  Officer  Staffing  Oeal 
Modal  for  the  U.B.  Marine  Corps, 
"Master's  Thesis,  September  1993,  (X. 
Wood,  advisor) . 

Van  Brabant,  J. ,  "A  Monthly  Squadron 
Sortie  Scheduling  Model  for  improved 
Combat  Readiness,"  Master's  Thesis, 
September  1993,  (K.  WOod,  adviser). 

Wu,  H.,  "A  Prototypio  Model  for 
Scheduling  Courses  at  the  Maval 
Postgraduate  School,"  Master's 
Thesis,  Decasiber  1993,  (K.  Wood, 
advisor) . 

Dm  KMT  TBCHHOLOaT  ABMAt  Other. 

KBXWORDSt  Large-scale  Optimisation, 
Alr-to-Oround  Munitions. 
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OyTXllM.bT  BTATiaWIMG  UNITS  TO  BAS»  tOBOTI  1 
A  MOPBL  FOR  BAS»  CL08TOK 
R.F.  Dell,  Aeeietaxit  Professor 
S.H.  Perry,  Professor 
R.K.  Rosenthal,  Professor 
Departaent  of  Operations  Research 
Sponsor  and  Funding:  Office  Chief  of  Staff  of  the  Any, 

DACS-DM  (TABS) 


OajBCnVBt  Th«  goal  of  thia  multi - 
yaar  raaaarch  pro j act  la  to  provlda 
optiadaation  baaad  daeialon  uking 
toola  for  tha  analyala  of  Army  baaa 
raalignaant  and  eloaura. 

SasnUtTi  During  tha  aacond  yaar 
(1993)  of  thla  multi -yaar  pro j act, 
tha  invaatlgatora  hava  primarily 
aupportad  tha  aponaor'a  uaa  of  an 
optiadaation  modal  dallvarad  during 
tha  flrat  yaar  of  tha  projact.  Tha 
optlmlaatlon  a»dal  (rafarrad  to  aa 
08DB)  la  apaclflcally  daal5jnod  to 
ganarata  raallgnmant  and  eloaura 
racosmandatlona  for  manauvar  and 
training  Inatallationa .  OSDB  la  a 
bl-eritarla  adxad  Intagar  programming 
modal  with  tha  objactlvaa  of  adlltary 
valua  and  forea  atatlonlng  coat. 
OSOB  haa  tha  ability  to  analyxa  the 
tradaoff  batwaan  thaaa  two  objactlvaa 
and  provldaa  a  valuabla  tool  whara 
altamativa  baalnga  of  a  forea 
atruetura  can  ba  ganaratad  and 
analyaad.  Raalignmanta  ara 
raatrletad  by  a  numbar  of  conatralnta 
idileh  Includa  tha  naad  to  provide 
Army  unlta  with  houalng,  facllitlaa, 
manauvar  land,  deployment,  and 
rangaa.  Conatralnta  on  conatructlon 
and  awvaaMnt  eoata  ara  alao  Included 
to  anaura  one -time  raallgnmant  eoata 
ara  kept  within  raaaonabla  11ml ta. 


OSUB  waa  uaad  In  tha  daeialon  to 
atation  a  unit  returning  from 
ovaraeaa  at  Fort  Lawla,  Washington. 
OSUB  results  ware  Included  in  tha 
Army's  Bnvironamnt  Impact  Statement, 
raviawad  for  accuracy  and 
rallablllty,  and  approved  as  ccmplata 
by  Lieutenant  Oanaral  Tlllalll, 
Deputy  Chief  of  Staff  for  Operations 
and  Flans. 

THBSIS  DXSaCTIDt  Olllman,  W.O., 
"Bvaluatlng  Army  Base's  Ability  to 
Support  Manauvar  Training t  A  Linear 
Programming  Approach,"  Maatar's 
Thesis,  Saptambar  1993. 

Advising  2  theses  In  progress. 

OTHBRi  Dali,  R.P.,  Flatchar,  C., 
Parry,  S.B.,  and  Rosenthal,  R.I., 
"Modeling  Army  Manauvar  and  Training 
Base  Raalignawnt  and  Cloaura," 
submitted  to  the  Military  Operations 
Raaaarch.  Society's  RIST  prise 
coB^atitlon. 

DOD  KMT  TICHNOLOOr  ARBAt  Other. 

BBTMORDSi  Base  Raallgnmant  and 
Closure,  Intagar  Programming 
Application  Facility  Location. 
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IMTKRACTIVE  SIKDIATIOM  AHD  OPTIMIZilTIOM  FOR 
«KT.Kf?TTlKS  GUARD  LMf  BHFORCEIIKilT  ASSETS 

M.P.  Bailey,  Aseletant  Professor 
R.F.  Dell,  Associate  Professor 
Departaent  of  Operations  Research 
Sponsor  and  Funding;  U.S.  Coast  Guard  Research  and 
DevelofMent  Ctr,  Syatvma  Analysis  Branch 


aJSCTZVBt  Th«  goal  o£  thla  oultl- 
/aar  rasaarch  pro j act  is  to  aid  in 
tha  davalopBMnt  of  LBSIM:  Law 
laforeaeant  SIMulation.  LBSIM  is  an 
on-going  Unitad  Statas  Coast  Guard 
(USCO)  rasaarch  affort  to  davalop  a 
simulation  a»dal  capabla  of  assisting 
with  daclslons  concaming  USCG 
rasourca  allocation,  raaourca 
scheduling,  and  tactics . 

SIBBIIunrx  Tha  first  yaar  of  thla 
multi -yaar  project  was  conplatad  in 
1993.  Tha  investigators  conducted 
basic  rasaarch  related  to  tha  LBSIM 
modal  and  supplied  a  number  of 
products  to  the  sponsor.  Professor 
Kevin  Olasabrook  (University  of 
Newcastle  U)pon  Tyne,  United  Kingdom) , 
at  tha  investigators'  request, 
visited  tha  Naval  Postgraduate  School 
and  assisted  with  basic  rasaarch. 
Tha  products  dallvarad  to  the  sponsor 
include:  an  optimization  modal  to 
schadula  both  Coast  Guard  district 
assets  and  Atlantic  Araa  assets 
operating  within  tha  seventh  and 
eighth  Coast  Guard  districts,  a 
review  of  LBSIM' s  verification  and 
validation  plan  with  proposed 
improvaswnts ,  and  a  documant 
requesting  specific  LBSIM 
verification  testing.  A  simulation 
model  has  been  developed  to  test  and 


validate  tha  LBSIM  model.  The 
investigators  also  participated  in 
two  workshops  organised  by  the 
sponsor  which  Included  all  the  major 
LBSIM  participants. 

COMFBBBHCB  PBBSBHXATKBIt  Dell,  R.P. 
and  Fanner,  R.,  "Developing  Schedules 
for  Coast  Guard  District  Cutters," 
National  Meeting  of  the  Operations 
Research  Society  of  America  and  the 
Institute  of  Management  Science,  IS¬ 
IS  May  1993. 

OTHBR:  Software:  Optimization  model 
developed  to  schedule  both  Coast 
Guard  district  assets  and  Atlantic 
Area  assets  operating  within  the 
seventh  and  eighth  Coast  Guard 
districts. 

Software:  Simulation  prototype  ehleh 
shall  be  used  to  validate  the  LBSIM 
model,  as  well  as  to  exami ne  the 
behavior  of  several  stochastic  models 
of  information  flow  between  law 
enforcement  forces  and  smuggling 
agents . 

DOD  KBT  TBCBNOIOGT  ABBA:  Software. 

KBXMORDS:  Simulation,  Discrete 
Optimization,  Scheduling,  Response 
Surface  Methods. 
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J.D.  Isary,  Professor 
D^psrtasnt  of  Operations  Research 
Sponsor  t  Haval  Air  Warfare  Center  Weapons  Division, 

China  Lake,  CA 

Funding:  Naval  Postgraduate  School 


OBJSCTZVSs  Davalop  raaaonabla 
planning  aodala  for  aatlaatlng  tha 
aggragata  daeaga  eausad  by  nultlpla 
hits  froe  waapona  aalvoa. 

SnaOkn*  Thla  pro  j  act  la  a 
continuation  of  a  pro j act  eonduetad 
during  pravloua  yaara  undar  tha  aaaM 
tltla.  Tha  aatlauitlon  of  tha 
aggragata  daeaga  to  bo  aehlavad  aa 
tha  raault  of  eultlpla  waapona  hlta 
la  a  fundaaantal  aapact  of  atrlka 
planning.  At  laaat  two  aaaauraa  of 
affaotlvanaaa  ara  partlnant,  tha 
aicpaetod  pareantaga  of  tha  targat 
which  la  daaegad,  and  tha  probability 
that  tha  daeaga  to  tha  targat  axeoada 
a  thraahold  aufflelant  to  ragard  tha 
targat  aa  ■klllad."  Modala  for 
aatleatlng  thaaa  ataaauraa  ara  of 
Intaraat  ganarleally,  and 
apaelflcally  to  varloua  aubgroupa  of 
tha  Joint  Tachnlcal  Coordinating 
Coeelttaa  for  Munltlona 
Bffoetlvonaaa.  Raaulta  docueantad 
during  tha  Initial  two  yaara 
eoneamad  oeplrlcal  rulaa  for 
aatleatlng  tha  axpactad  pareantaga  of 
daeaga  of  an  araa  targat  coaqparad  to 
a  rula  darlvad  froe  a  plaualblo 
nodal,  and  tha  flrat  of  an  aearglng 
faelly  of  targat  configuration  and 
waapona  iepaet  aeanarioa  which  laad 
to  tha  plauaibla  B»dal  (now  callad  a 
proportional  affacta  daeaga 
aggragatlon  eachanlae) .  Kaaulta 
docueantad  during  tha  third  yaar 
Includa  axtanalona  to  tha  faelly  of 
targating  aeanarioa  idileh  load  to  a 
proportional  daeaga  aggragatlon 
eachanlae  and  tha  flrat  conaldoration 
of  dapandanclaa  In  waapona  hit 


diatrlbutiona.  Raaulta  docueantad 
during  tha  fourth  yaar  ara  about  tha 
rolatlonahlp  batwaan  eoneapta  of 
aubproportlonal  daeaga  aggragatlon 
(cueulatlvo  and  Inoraeantal 
aubproportlonality)  and  a  fairly 
ganoral  targating  aeanarlo  idkleh 
laada  to  tha  atrongor  inoraeantal 
typa  of  aubproportlonal  daeaga 
aggragatlon.  A  fundaeantal  wahlola 
for  much  of  tha  praoodlng  aodallng 
haa  boon  tha  eonaldaratlon  of 
callular  targata,  l.o.  targata  that 
can  ba  vlawad  aa  dlvldad  Into  ealla 
of  varying  inportaneo  idileh  ara 
affactad  aoparataly  or  In  groupa  by 
tha  waapona  In  tha  aalvo.  Thla  yaar 
tha  callular  eodallng  eonoapt  waa 
uaad  in  an  analyala  of  tha 
aurvivablllty  of  eunitlono  atoraga 
facilltiaa  (boeb  duapa)  by  Mr.  Tao 
Ole  Koon,  a  Projaet  Inglnaar  In  tha 
Singapora  Ninlatry  of  Dafanoa.  Tha 
conputational  archltaotura  darlvad  In 
Mr.  Koon' a  thaaia  providaa  a 
foundation  for  tha  davalopeant  of  a 
callular  targat  analyala  e^ablllty 
ualng  adcroccaputar  apraadahaata . 

THS8I8  DXRMCTIDi  Koon,  Tao  Ole,  "An 
Analytical  Approach  to  Aaaaaaing  tha 
Vulnarabillty  of  Boeb  Shaltara  to 
Aarlal  Bombing  and  Ar tillary  Attack, " 
Naatar'a  Thaaia,  Saptaebar  1993. 

DOO  XBT  TICHHOLOOT  ARMAt  Othar. 

KBmORDSt  Munltlona  Bffaotlvanaaa, 
Daeaga  Aggragatlon,  Strlka  Hanning, 
Callular  Targata,  Proportional 
Daauigo. 
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D.P.  Oawr*  DistlagulslMMl  ProfMSor 
P.A.  Jacobs,  Professor 
Psparf  snt  of  Gparatlons  Rsssareh 
Sponsor  and  Pundlngx  MSval  Rasaarch  Laboratory-Wast 


OBJBCTXVSt  Varl«no«  of  prodiotloa 
•rrors  la  raqulrod  in  tha  optlania 
latarpolatlon  analyala  \iaad  in 
nvarical  waathar  pradletlon.  Tha 
pusposa  of  thla  study  la  to 
lavastlgata  tha  ralatlonshlp  of  tha 
pradletlon  arror  variancas  to  othar 
ataoapharie  paraaatara  in  ordar  to 
laprova  aatiaatlon. 

SnsSttOri  Statlatleal  aodals  for  tha 
pradletlon  arror  hava  baan  fonulatad 
xrtiieh  hava  log-llnaar  aeala 
parasMtars  idileh  Ineluda  eovarlatas. 
Data  froo  fabruary  1991  ara  usad  to 
oospara  tha  pradletlva  parforauuiea  of 
various  eovarlatas. 


raSLZCakTXOVt  Jaeobs,  P.A.  and  Oavar, 
D.P.«  "A  Cosparison  of  Pradleters  for 
Pirst-Ouass  Wind  Spaad  Brrers,*  SPt 
Taohnieal  Kaport  MPS-OR-93-OaO, 
Daeasd^ar  1993. 

DOD  KBT  TBCanOXiOaT  ABBAt 
Bnvlronaantal  Bffaets. 

BBSWOBDSt  Ragrasslon  Medals  for 
Varianeas,  Optimal  Intarpolatloa  in 
Bumarleal  Waathar  Pradletlon, 
Assasamant  of  Pradleters,  Oausslan 
Modal  with  hog  Linaar  Beala 
ParasMtar. 
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D.P.  Oav«r,  Diatlngui abed  ProfMsor 
D«parf  nt  of  Oporationa  Raaaareh 
^onsor  and  Funding t  naval  Madlcal  Ranaareh  Inatltuta, 

Toocleology  Datacbaant 


OajRCtlVBi  To  initlato  mothoBatleol 
«ad  atatlatlcal  work  on  tha 
latoraetlon  botwaan  (a)  PBPK 
coapartaMnt  Modala.  (b)  doaa-raaponaa 
aodala,  and  (o)  rlak  analyala  with 
aaphaala  on  a  military  population  at 
rlak. 

raaounrt  Modala  of  organic  call 
raaponaa  to  toxina  hava  baan 
propoaad . 

VOBliICh'Tiaii  Carpantar,  H.h.,  Oavar, 
D.P.,  and  Jacoba,  V.K.,  "An 
Exploratory  Modal  for  Toxic  Iffacta 
on  CallOf ”  UPS  Tachnlcal  Xaport  MPS- 
OR-93-014.  Saptaadaar  1993. 


ORSA/TXMS  Joint  Matlonal  Mooting, 
Phoanix,  AZ,  31  Octobar  -  3  Wnraaiiar 
1993. 

Oavar,  D.P.  and  Jaeoba,  P.A.,  "An 
Exploratory  Stoehaatie  Modal  for 
Toxic  Ef facta  on  Calla,"  MatiMial 
Inatituta  of  Environmantal  Baalth 
Scioncoa,  Raaaareh  Trlangla  Park,  MC, 
29  8optoad»ar  1993. 

DOD  RET  TECMMOnOOT  ARBAi 
Environmantal  Ef facta. 

ESiNOEOEt  Stoehaatie  Modala,  Doaa- 
Raaponaa  Modala,  Biological  Calla, 
Toxic  Chaadeala. 


OGMPBBMHCB  PEEBEOTATIOMB i  Oavar, 
D.P.,  Jaeoba,  P.A.,  and  Carpantar, 
R.L. ,  "Praliminary  Probability  Modala 
for  Ef facta  of  Toxina  in  Organa," 
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MAMXgBmfT  IMDICATOR 
D.P.  Oavttr,  Distinguished  Professor 
P.A.  Jacobs,  Professor 
Depertnent  of  Operations  Research 
Sponsor  and  Fundings  NAVAIS  (AIR  419) 


OBJBCrzVBs  To  dovolop  m.  rollablo 
aircraft  raadlnaas  degradation 
forecasting  eathodology  to  assist 
decision  asking  for  aalntalnlng 
aircraft  availability  at  alnlaum 
cost. 

SIBBautrx  Davalopeant  of  an  aircraft 
raadlnaas  dagradatlon  foracastlng 
SMthod  has  bean  Initiated. 

UlUKs  Chang,  T.-J.  and  0rlba,  L., 
"A  Cenputar  Decision  Aid  Written  In 
PASCAI., "  July  1993. 


TBBSIS  DIHSCTIDs  Chang,  T.-J., 
"Assessing  the  Possible  Return  on 
Investatant  Resulting  free  Qpgradlng  a 
Subsysten, "  Master's  Thesis,  March 
1993. 

DOD  KKT  TMCBHODOOr  ARMAx  Rusen- 
Systea  Interfaces. 

KRTWORDSt  Return  on  Investaent,  Cost 
of  System  Re-engineering,  Assessment 
of  Uncertainty,  Changepolnt  Problems. 


AMADYTIC  SUPPORT  FOR  MAVY  QPTOATTnWAL  TEST  AHD  BVALUATIOIf 
D.P.  Oaver,  Distinguished  Professor 
Depart- went  of  Operations  Research 
Sponsor  and  Funding:  COMOPTKVFOR 


OBJMCTZVMx  To  bring  operations 
research  approaches  and  methodology 
to  bear  In  Navy  OT&B. 

snSBUKTx  Research  has  been  Initiated 
concerning  the  assesssient  of  eosputer 
software  quality  and  uturlty. 
Initial  decision- theoretic  models  of 
"how  much  testing  Is  enough"  which 
Incorporate  the  cost  of  testing  have 
also  been  formulated. 

THBSIS  OIRMCTIDx  Burton,  D.R., 
"Software  Rellxdilllty  Managesient 
through  Metrics,"  Master's  Thesis, 
March  1993. 


OTHXR:  Gaver,  D.P.,  "Initial 
Discussion  of  a  Number-of -Tests 
Decision  Rule  used  by  OpTevPor, " 
forthcoming. 

DOD  KMT  TRCHMOIOCT  ARMAx  Human- 
system  Interface. 

XJKXWORDS:  Software  Reliability, 
Sasple  Size  Problems,  Costs 
Associated  with  Testing. 
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D.P.  Gav«r,  DistingulahAd  ProfMSor 
P.A.  Profasaor 

Dapartaant  of  Oparatlona  Rasaareh 
Sponsor  and  Fundlngt  U.8.  Any  Bionodlcal  Rasaareh  and 

Davalopnant  Laboratory 


OBJacrrvit  to  Initiat*  an  offort  to 
provlda  quantitatlvo,  data-baaad 
aaaosaaanta  of  toxicological 
phanoaana  ralavant  to  Amy  goals  and 
to  advance  tha  guantitativa 
aathodology  naadad  for  tha 
assasasMnta . 

snslAnri  a  statistical  analysis  of 
data  froa  a  histopathologic 
axaaination  of  tiasuas  froa  Japanasa 
aadaka  fish  has  baan  parforaad.  Tha 
study  of  issues  of  coabining 
information  froa  diffarant  teats  of 
tha  saaa  anvironaantal  object  has 
baan  initiated, 

GonmBKs  pRssnxAxzami  oavar, 
D.P.  and  Jacobs,  P.A.,  "Quantitative 
Analysis  of  Bioaasay  Data  froa 
diffarant  Bioaonitoring  Test  Systaas 
(BTS),*  Amy  Bloaadical  Research  and 
Davalopaant  Project  Raviaw,  26-27 
October  1993,  to  appear  in 
procaadlnga . 


Oavar,  D.P.,  invited  discussion  of 
O.S.  Bayard  (BPA) ,  "CosStining 
Bpidaalological  Studies  for  Huaan 
Health  Risk  Assassaanti  Passive 

Smoking  and  Dioxin,"  U.S.B.P.A.  and 
National  Institute  of  Statistical 
Sciences  Workshop  on  Statistical 
Mathods  for  Coabining  Bavironaantal 
Inforsation,  Chapel  Hill,  MC,  27 
Saptaabar  1993. 

criHBRt  Oavar,  D.P.  and  Jacobs,  P.A., 
"A  Simulation  Study  of  tha  Behavior 
of  Bstiaatas  of  the  Teratogenic 
Index , *  f or thccadng . 

DOD  KBT  TBCnOLOaT  ARBAt 

Rnvironaantal  Bf facts. 

KBSlRMiDSt  Coad>iaing  Xnforaatloa, 
Data  Analysis  of  Bioassay  Data, 
Oanaralisad  Linear  RagrassloB. 
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MODELIWG  AMD  ESTIMXTIOM 
D.P.  Gaver,  Dlatinguished  Pro£esaor 
P.A.  Jacoba.  Profeaaor 
Department  of  Operatlona  Reaearch 
Sponaor:  Office  of  Naval  Reaearch 
Funding:  Naval  Poatgraduate  School 


OBJaCTZVBi  To  conduct  probablllatlc 
and  atatlatlcal  raaaarch  on  a)  aiiqila 
charac tarlatlca  of  random 
anvironaan tal  ahapaa,  and  b)  non- 
atandard  data  analyala  tachnlquaa 
aueh  aa  non-Qauaalan  tlma  aariaa 
prediction  and  hierarchical 
atatlatlcal  andela. 


Smounr:  a  hierarchical  model  for  a 
Polaaon  time  aerlea  with  covarlatea 
waa  Introduced  and  Ita  uae  In  ahort- 
texm  forecaatlng  Inveatlgated. 
Propertlea  of  a  atochaatic  greedy 
bin-packing  algorithm  ware 
Inveatlgated. 

PmUCCkXIOKS :  Oaver/  D.P.,  Morrlaon, 
J.A.  and  Sllveira,  R.,  "Service- 
Adaptive  Multi-Type  Repairman 
Problema,"  SIAM  Journal  of  Applied 
Matheaiatlca .  Vol.  53,  No.  2,  pp.  459- 
470,  i^rll  1993. 


P.A.,  and  Wright,  P.I.,  "Ad^tiva 
Packing, ■  Applied  Probability  In 
Kngineerlng,  Computer  and 
CoBOBunlcatlon  Scieneea,  Parla, 
France,  16-18  June  1993. 

Caver,  D.P.,  "Modeling  and  Slmtulatlon 
in  the  Military s  Statiatieal  Zaauea 
and  Opportunltiea, "  Invited  keynote 
addreaa,  Thirty-lighth  Army 
Conference  on  Dealgn  of  Sxperimenta, 
1993. 


OIHXR:  Gaver,  D.P.,  "Quantitative 
Modeling  and  Analyala  In 
Environmental  Studlea,”  Chiq^ter  of  a 
book  Bcheduled  to  be  publlahed. 

Almeida,  R.,  Oaver,  D.P.,  and  Jacobs, 
P.A.,  "Simple  Probability  Models  for 
Assessing  the  Value  of  Information  in 
Defense  Against  Missile  Attack, " 
submitted  for  publication. 


Oaver,  D.P.  and  Jacobs,  P.A., 
"Asymptotic  Properties  of  Stochastic 
Oreedy  Bin-Packing, "  NFS  Technical 
Report  NPS-OR-93-017,  November  1993. 

Oaver,  D.P.,  "Modeling  and  Simulation 
In  the  Military:  Statistical  Issues 
and  Opportxinltlas, "  in  Proceedings  of 
the  Thirty-Bight  Conference  on  the 
Design  of  Experiments  in  Army 
Research  DevelopsMnt  and  Testing, 
Amy  Research  Report  93-2,  1993. 


Oaver, 
Jacobs , 


D.P.,  Coffman,  Jr.,  E.O., 


THESIS  DIRECTED:  Howard,  T.L.,  "An 
Analytical  Model  for  the  Treatamnt 
and  Evacuation  of  Casualties  in  a 
Low- Intensity  Conflict,"  Master's 
Thesis,  March  1993. 


DOD  KEY  TECBHOU>Or 
system  Interfaces. 


RuBAn* 


EETNORDS:  Prediction  for  a 
Hierarchical  Poisson  Time  Series 
Model,  Bin  Packing,  The  Value  of 
Information. 


•j 


D.P.  Oavar,  Dlatiaguished  Profasaor 
S.H.  Parry,  Professor 
P.A.  Jacobs,  Professor 
Departaent  of  Operations  Research 
Sponsor  and  Funding:  Conventional  Forces  Analysis  Division, 

J-8,  The  Joint  Staff 


oaJRCTXVB:  To  contlnu*  dovolopMnt 
of  an  archltactura  for  probablliatle 
■odals  of  joint  thaatar  laval  conbat. 

SOBBUtrt  Raaaareh  haa  baan  continuad 
towards  tha  davalopaant  of  an 
archltaetxira  of  a  atochaatlc  modal  of 
joint  thaatar  laval  combat.  Work  haa 
ooneantratad  on  aodala  for  updating 
tha  pareaptlon  of  tha  thaatar  using 
sansor  Information  and  nodals  for  tha 
air  campaign. 

OOWFSBSSCB  PKSSBRATXOW:  Youngran, 
M.,  Oavar,  D.P.,  Jacobs,  P.A.,  and 
Parry,  S.H.,  "Future  Stochastic 
Thaatar  Laval  Condjat  Modallng, * 
Working  Oroup  14,  Military  Oparations 
Rasaareh  Society,  Dayton,  OH,  June 
1993. 

Youngran,  N.,  Oavar,  D.P.,  and 
Jacobs,  P.A.,  "Perception  Updating  In 
tha  Future  Thaatar  Laval  Combat 
Modal,"  Sansor  Modelling  Workshop, 


AMSAA,  Abardaan  Proving  Oround,  MD, 
25-26  May  1993. 

Oavar,  D.P.,  Jacobs,  P.A.,  and  Parry, 
S.H.,  "Modelling  Sansor  Iffaots," 
Interim  Progress  Review,  Tha  Joint 
Staff,  28  October  1993. 

THESIS  DIRBCTRDt  Schmidt,  K.,  "A 
Framework  for  Incorporating 
Battlefield  Purpose  and 
Intelligence,"  Master's  Thesis, 
Saptambar  1993. 

OTHER:  Yamauchl,  H.,  "Stochwars,"  C-f^ 
software,  October  1993. 

DOD  EEY  TECHMOLOOY  AREA:  BUMn- 
Systam  Interface. 

EEYWORDSi  Conbat  Models,  Bayesian 
Perception  Updating,  Daclsion 
Analysis. 


MODEL  FOR  TEgRITORY  REALIQiBiEMT 
T.  Halimch,  Adjunct  Professor 
S.  Laiqpbongpanlch,  Associate  Professor 
Department  of  Operations  Research 
Sponsor:  Naval  Recruiting  Cn—iiniil 
Funding:  Naval  Personnel  Research  and  Development  Center 


OBJBCnVI:  To  dovolop  an 
optialsation  baaod  tool  for 
raallgnlng  tho  Naval  Racrultlng 
Strueturo. 

Snanunr:  Xhla  rasaarch  la  an 
axtanalon  of  a  pravloua  raaaarch 
titlad  "Optimal  Racrultlng 
Strueturo."  In  this  raaoareh  wo 
proposo  to  oxtand  tha  optimization 
a»dala  davalopad  aarliar  to  Includa 
tha  following: 

(a)  Katlmatad  driving  tima  batwaon 
two  points.  In  tha  pravloua  study, 
tha  driving  tima  is  not  uaod. 
Instaad,  tha  groat  eircla  dlatanca 
batwaon  two  points  was  usad  in 


datormining  tho  optimal  location  for 
racrultlng  stations. 

(b)  DavalopoMnt  of  a  station 
location  modal  to  includa  a  laasa, 
communication  and  transportation 
costs. 

(c)  Davalopmant  of  a  multldlstrlet 
station  allocation  modal  to  datarmina 
support  budgat  raquiramants  for  tho 
now  31  district  structure. 

IXH>  KXT  TBCBDMLOOr  ARSAt  Othar. 


nmfORDS: 

Allocation 

Path. 


Optimisation,  Rosourca 
Racrultlng,  Shortest 


S.  Lawphongpanich,  Associate  Professor 
S.Y.  Sohn,  Assistant  Professor 
Departsmnt  of  Operations  Research 
Sponsor  and  Funding:  U.S.  Araiy  Recruiting  CosHHind 


OBJRCTZVSt  To  dovalop  an 
optialiation  basad  tool  for 
raalignlng  tha  Amy  racrultlng 
stations . 

SQMDUtT:  Tha  daclslon  to  closa, 
consolidata  and  ralocata  racrultlng 
stations  has  a  profound  liq>act  on  tha 
Amy's  racrultlng  af  forts.  In 
particular,  tha  numbar  and  locations 
of  stations  that  ara  'optimally' 
datamlnad  can  provlda  Amy 
racruitara  with  compatltlva 
advantagas  ovar  racrultars  from  tha 
othar  sarvlcas.  During  this  parlod, 
wa  davalop  a  statistical  modal  to 
foracast  tha  numbar  of  contracts  that 
can  ba  obtainad  from  a  glvan  zip 
coda.  Using  this  statistical  modal, 
wa  davalopad  thraa  optlsilzatlon 


atodals.  First  B»dal  partitions  tha 
continantal  Unltad  Statas  Into  a 
numbar  of  racrultlng  battalions. 
Sacond  atodal  dacldas  which  axistlng 
racrultlng  stations  to  ramain  opan 
and  than  assigns  racrultars  to  thasa 
stations.  Third  modal  dacldas  which 
axistlng  racrultlng  companlas  to 
ramain  open  and  than  assigns  stations 
to  thasa  coa^anlas. 

POBIiICATIOHS :  Wa  ara  In  tha  procass 
of  writing  tha  final  raport  for  this 
study. 

DOD  KXT  TSCHaOXiOCnr  ASSAt  othar. 

XBT1IORDS:  Optlsilzation,  Racrultlng, 
Rasourca  Allocation. 
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OPTIMM.  MISSIONIMG 
P.R.  Milch,  Professor 
S.  Lawphongpanlch,  Associate  Professor 
L.  Whitaker,  Associate  Professor 
D^artment  of  Operations  Research 
^>onsor  and  Funding;  U.S.  Any  Recruiting  CoHnand 


OBJSCTrVBi  To  dovolop  a  methodology 
to  forecast  the  probability  that  a 
recruit  fails  to  join  the  Army  after 
having  signed  an  enlistment  contract. 
The  probability  is  dependent  upon  the 
tisM  a  recruit  must  remain  in  the 
Delayed  Bntry  Program  (DEP)  as  wall 
as  other  factors. 

SnaiABXx  There  have  been  many 
studies  on  DEP  loss.  Most  of  these 
provide  analysis  and  recommendation 
but  few  lead  to  actual  tools  usable 
by  USAREC.  We  propose  to  provide 
DSAREC  with  a  decision  aid  to  assist 
nSAREC  in  setting  the  proper 
recruiting  missions  for  its 
recruiting  brigades.  We  formulated 
the  problem  of  setting  the  proper 
recruiting  mission  as  an  optioiization 


and  used  GAMS  (A  General  Algebraic 
Modeling  System)  to  obtain  an  optimal 
answer.  Important  inputs  for  the 
optimization  model  are  the  DEP  loss 
probabilities,  both  conditional  and 
unconditional.  We  are  in  the  process 
of  constructing  a  statistical  model 
to  estimate  them. 

THESIS  DIRECTED:  Burris,  B.D.,  CAPT, 
"Missioning  with  Minimal  Delayed 
Bntry  Program  Loss,"  Master's  Thesis, 
September  1993 . 

DOD  KEY  TEGHHOLOOT  AREA:  Other. 

KEYWORDS:  Optimization,  Forecasting, 
Conditional  Probability,  Recruiting, 
Delayed  Entry  Program. 


THE  MILITARY  WORTH  OF  STAYDiG  PC^im 
W.P.  Hughes,  Jr.,  Senior  Lecturer 
Department  of  Operations  Research 
Sponsor  and  Funding:  Naval  Surface  Warfare  Center,  Carderock 


OBJBCriVS:  To  avaluat*  tha  military 
worth  of  a  contan^orary  warahip's 
ability  to  contlnua  fighting  aftar 
taking  ona  or  mora  hits,  which  la  Ita 
"ataylng  powar."  Bnqphaala  la  on 
mlaalla  hlta. 

smsnST:  Tha  raaaarch  was  cos^latad 
In  \iuclaaalflad  form  and  dallvarad  to 
tha  aponaor  In  Saptambar  1993.  Aftar 
a  ravlaw,  tha  aponaor  dacldad  that 
the  study  would  ba  avan  more  useful 
if  a  version  using  classlflad 
Information  wara  developed.  A 
classlflad  study  is  in  preparation. 
Tha  principal  conclusions  of  tha 
study  are: 

(1)  In  silasila  combat  tha  two  most 
important  advantages  a  force  can  have 
are: 

a.  first  detection  and 
targeting  such  that  all  enemy  iinlts 
posing  a  threat  are  put  out  of  action 
before  they  can  reply. 

b.  survivability  through 
dafansa  in  depth. 

(2)  These  two  advantages  cannot  be 
depended  on  in  joint  littoral  warfare 
operations.  In  an  exchange  of 
missile  salvoes,  highly  capable 
surface  warships  with  weak  staying 
power  are  liable  to  suffer  severe 
losses  to  an  Inferior  enesiy  who 
conducts  a  bold  attack. 


(3)  Contemporary  designs  of 
multipurpose  surface  combatants  such 
as  the  CG-47  and  DDO-51  are  out  of 
balance,  in  the  sense  that  they  have 
strong  offensive  and  defensive 
firepower  but  weak  staying  power. 
The  result  is  an  lustable  situation 
in  littoral  operations. 

(4)  Combat  stability  will  bo 
restored  by  a  balanced  design:  one 
with  greater  staying  power.  The 
benefits  from  enhancing  staying  power 
are  to  sustain  all  attributes  of  a 
warship,  preserve  ita  deliverable 
fighting  power,  and  help  to  assure 
that  a  superior  force  will 
consistently  prevail  over  a  nond.nally 
Inferior  one. 

PXJBUCATiOMt  Hughes,  W.P.,  Jr.,  *A 
Salvo  Model  of  Warships  in  Missile 
Combat  Used  to  Bvaluate  their  Staying 
Power, "  Naval  Research  Logistics, 
accepted  for  publication  for  Fall 
1994. 

COnrKRBlICB  PRKSIMXATXCWt  Hughes, 
W.P.,  Jr.,  "Naval  Forces  in  Joint 
Littoral  Warfare, ■  61st  MORS 
Symposium  Working,  22  June  1993. 

DOV  KKT  TBCHNOLOOT  ARBAt  Other. 

KRTWORDS:  Naval  Combat, 
Survivability,  Vulnerability, 
Warship . 
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STAMXQ  SIMOIATIOM  AMD  ANALYSIS 
W.G.  KeBQ>le,  Aasistant  Professor 
M.P.  Bailey,  Assistant  Professor 
M.6.  Sovereign,  Professor 
D^artment  of  Operations  Research 
Sponsor  and  Funding:  Joint  Interoperability  Engineering 
Organisation  ( JIEO)  ,  Fort  Moimouth,  HJ 


OBJSCnVB:  The  objectives  o£  this 
project  were  twofold:  first,  to 
discover  any  weaknesses  in  NATO's 
international  network  numbering  and 
routing  scheme  promulgated  in  NATO 
Standardization  Agreement  (STANAG) 
4214;  and  second,  to  explore  changes 
to  the  STANAG  proposed  to  liQ>rove 
performance . 

SUMHAKT:  An  object-oriented 
simulation  model  was  developed  to 
evaluate  the  effectiveness  of  STANAG 
4214.  The  model  simulates 
communication  systems  using  the 
STANAG  4214  protocol  to  isolate 
discrepancies  which  could  lead  to  the 
inability  to  successfully  cos^ilete 
calls  within  the  system  or  cause 
system  overload.  Ambiguities  in  the 
STANAG  were  uncovered,  one  of  which 
would  cause  calls  to  fall,  and 
another  that  could  result  in  fewer 
trunks  utilized  than  feasible  or 
calls  looping  through  the  system, 
creating  unnecessary  overload.  The 
model  simulates  protocol 
modifications  created  to  correct 
these  discrepancies  and  verifies 
their  effectiveness  in  making  the 
protocol  more  robust.  Results  show 
that  these  modifications  In^rove 
STANAG  call  completion  rate  from  a 
potential  low  of  luder  70  percent  to 
100  percent,  while  simultaneously 


easing  STANAG  restrictions  on  lateral 
commimication  connections.  The  Zkodel 
(software  and  a  user's  manual)  was 
delivered  to  JIBO  in  1993,  and  we  are 
still  working  with  them  to  use  it  to 
answer  some  new  questions.  The  model 
is  menu-driven  with  both  graphical 
and  hard  copy  output,  making  it 
useful  to  network  planners,  protocol 
designers,  and  tactical 
communications  officers. 

TBBSIS  DIRRCTBD:  Dorko,  M.  and 
Schultz,  R.,  "A  SizMilation  and 
Evaluation  of  NATO  Standardization 
Agreement  (STANAG)  4214,"  Master's 
Thesis,  September  1993. 

OTHBR:  This  research  was  briefed  to 
the  J6,  MGBN  Kelley;  to  MSI,  RADM 
Oliver;  and  to  the  USBUROCOM  STANAG 
4214  working  group.  It  was  also 
presented  at  the  Winter  SixDulation 
Conference  in  December  1993  and 
published  in  a  refereed  proceedings 
article.  Both  a  s»del  (software)  and 
a  user's  manual  were  developed. 

DOD  KBT  TBCHNOLOOT  ARBA: 
Communications  Networking. 

KEYWORDS :  Communications  Protocol , 
NATO  Commtuiications ,  Communications 
Network  Simulation. 
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v^i^TxaT.K  »KflnT.Trprn(y  ffTW»UlTIOW 

W.G.  Kaaple,  Assistant  Professor 
M.P.  Bailey,  Assistant  Professor 
M.G.  Sovereign,  Professor 
P.  Purdue,  Chalman  and  Professor 
Departnent  of  Operations  Research 
Sptmmor  and  Funding:  Strategic  Defense  Initiative  Office  (SDIO), 

1fashlngt<ui,  DC 


OSSSCrzvSx  Th«  objsctlvas  of  this 
two  yoar  projact  war#  thraafoldi  to 
partlclpata  in  tha  davalopmant  and 
raflnaaant  of  proeaduraa  to  ba  usad 
in  parforalng  confldanca  aasasaaMnta 
on  alaulatlon  a»dala  nomlnatad  for 
inclusion  in  tha  SDZO  Analytical  Tool 


Box  (ATB) }  to  partlclpata  In 
confldanca  asaascnant  taama  fonaad  to 
avaluata  nodala  nomlnatad  for 


Inclusion  In  tha  ATB;  and  to  davalop 
a  taxonoaiy  of  modal  dlmanalonality 
and  raaolutlon  to  ba  usad  In 
confldanca  assassmanta. 

SOMIAKXt  Funding  was  not  racalvad 
until  March  1993,  and  our  efforts 
began  whan  wa  attended  tha  13-14 
J^rll  1993  ATB  meeting  at  SAIC,  San 
Dlago.  Meetings  ware  held  between 
tha  PI  and  the  ATB  Projact  Officer  to 
solidify  our  role;  we  ware  to  focus 
on  procedure  davalopmant  and 
confldanca  assessments  the  first 
year,  and  confldanca  assessments  and 
tha  taxonomy  tha  second.  Wa  joined 
and  participated  In  tha  confldanca 
assassmant  and  W6A  working  groups, 
and  tha  PI  was  appointed  to  the  ATB 
Standards  Coamlttaa.  Wa  attended  tha 
other  two  ATB  maatlngs  held  In  FY93, 
and  hosted  tha  second  in  Saptembar. 
Wa  also  participated  In  tha  three 
assessments  performed  since  we  joined 
tha  ATB:  SSOM,  La  Jolla,  CA,  June 
1993;  BADSIM,  Runtsvllla,  AL,  July 
1993;  and  WIUUl,  Washington,  DC, 


September  1993 . 

OTBKB:  Wa  participated  in  drafting 

and  editing: 

"Face  Validity  Assassmant  Plan, "  MTF 
Technical  Infonnatlon  Canter  Mumbar 
5654,  30  May  1993. 

"ATB  CAWG  White  Paper  on  Confldanca 
Assassmant  Process,  ”  ATB  CAWO  Library 
dociunent,  ATB-CA-06-06A-930614-4, 
Revision  B,  14  JUna  1993. 

"Analytical  Tool  Box  Laval  2  ATB 
Certification  Assessment  Plan,"  MTF 
Technical  Information  Canter  Mumbar 
ATB-CA-05-1B-930000-0,  Working  Draft 
version  D.l,  15  SaptasAxar  1993. 

"SSGM  Face  Validity  Assassmant 
Report,”  1993. 

"BADSIM  Face  Validity  Assessment 
Report,"  1993. 

"WILMA  Face  Validity  Assessment 
Report,”  1993. 

We  also  have  one  student  working  on  a 
thesis  that  originated  from  this 
project. 

DOD  KBT  TBCHMOLOGT  ARBAx  Software. 

KBYWORDS:  Sisiulatlon,  Confldanca 

Assessment,  Theater  Missile  Defense. 
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N.G.  Kagaple,  Aasistant  Proxassor 
Departnant  of  Operations  Reeeareli 
Collaborative  research  with: 
Peter  M.  Sadler,  Professor 
Mary  L.  Droaer,  Assistant  Professor 
David  Straus,  Professor 
Uhiversity  of  Calif orx^ia.  Riverside 
Sponsor  and  Funding:  National  Science  Foundation, 


Washington,  DC 


OBjncnVB:  An  ongoing  roaoareh 
program  to  solva  the  stratigraphic 
correlation  problem  (fusing 
geological  data  to  develop  a  tisM 
scale  for  rocks  based  on  fossils  they 
contain)  by  combining  expert 
knowledge  with  techniques  from 
operations  research. 

SUMMARY:  Three  colleagues  at  the 
Uhlverslty  of  California,  Riverside 
and  I  were  awarded  parallel  two-year 
grants  by  the  KSF  for  collaborative 
research  to  continue  development  of 
our  methodology  and  apply  it  to 
fossil  data  from  the  mid-Ordovician 
period,  from  the  Great  Basin  of 
California,  Nevada,  and  Utah.  The 
paleontologists  on  the  teiuo  have 
conducted  preliminary  inspections  of 
four  of  the  sections  and  begun 
collecting  fossils  from  key  sections. 
During  one  trip  to  NFS  by  Sadler,  and 
one  by  Ke&q>le  to  UCR,  we  have 
completed  preliminary  coding  of  a 
new,  greatly  enhanced  version  of  our 
FORTRAN  program.  Among  other  things, 
the  new  version  exploits  results 
obtained  by  Dell,  Keaple,  and  Tovey 
at  NFS  to  significantly  reduce 
solution  times,  and  graphics 
developed  by  Sadler  to  aid  in  tuning 
the  solution  algorithm.  Wo  gave  an 
invited  presentation  to  the  Annual 
Seminar  of  the  Faleontology  Group, 
AMOCO  Research,  in  December  1992,  one 
of  only  three  presentations  Invited 
from  outside  of  the  coaqpany.  These 
three  were  chosen  to  present  the 
state  of  the  art  in  stratigraphic 


correlation.  This  in  turn  led  to  an 
invitation  to  write  a  chapter  for  a 
volume  in  the  special  publications 
series  of  the  Society  of  Beonomio 
Faleontologlsts  and  Mineralogists  on 
Graphical  Correlation,  lAleh  has  been 
submitted. 


W.,  Dell,  R.,  and  Tovey,  C., 
"Applying  Tabu  Search  and  Simulated 
Annealing  to  the  Stratigraphic 
Correlation  Froblem, ■  National 
Meeting  of  the  Operations  Research 
Society  of  America  and  the  Institute 
of  Management  Science,  Novesber  1992. 

Sadler,  F.,  Xemple,  W.,  and  Straus, 
D.,  "Simultaneous  Graphical 
Correlation  of  Multiple  Sections," 
Annual  Faleontology  seminar  of  the 
Faleontology  Group,  AMOCO  Research, 
December  1992. 

Keople,  W.,  Dell,  R.,  and  Tovey,  C., 
"Tabu  Search  and  Siaailated  Annealii^r 
Applied  to  the  Stratigraphic 
Correlation  Froblem, "  seadnar  in 
Operations  Research,  Naval 
Fostgraduate  School,  February  1993. 

Kenple,  W. ,  Dell,  R.,  and  Tovey,  C., 
"Heuristic  Selection  through 
Experimentation:  Tabu  Search  and 
Simulated  Annealing  J4>plled  to  the 
Stratigraphic  Correlation  Froblem, " 
University  of  California,  Riverside, 
Statistics  Department  Colloquium, 
April  1993. 


OOnOti  During  th«  Win  tar  Quartar, 
whlla  on  aabbatlcal  laava,  Sadlar 
taught  our  SMthod  for  two  waafca  for  a 
graduata  aaminar  in  palaontology  and 
usad  tha  softwara  wa  davalopad.  Ona 
book  chaptar  has  baan  subsklttad  and 
two  papars  ara  in  prograsa.  Savaral 
anhancaswnts  hava  baan  incorporatad 
into  a  naw  varaion  of  our  coaputar 
program  to  maka  it  run  much  fastar 
and  provlda  graphical  displays  of  the 
solution  procass  (usaful  In  adjusting 
tha  solution  paramatars)  .  Furthar 
anhancaswnts  will  incorporata  panalty 
waights  that  wa  hava  davalopad  basad 


on  tha  avaraga  gap  batwaan  fossil 
finds  and  allow  gaologlsts  to  axasdna 
hypothasas  about  unusual  dlsturbaneas 
of  tha  data. 

D(U>  KBT  TBCaonhOar  hUht  softwara. 

KXnfORDS:  Graphical  Corralatlon, 

Stratigraphic  Corralation, 
Combinatorial  Optlaiizatlon.  Simulatad 
Annealing. 
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BATM  wmscm  AMMiYSIS  WnHODOLOOIlS 
H.  Larson,  Profsssor 
W.  Kespla,  Assistant  Profsssor 
Departnsnt  of  Opsratlons  Rassarch 
Sponsor  and  Funding:  U.S.  Army  Training  and  Analysis  Coanand, 

Montaray,  CA 


OBJSCTIVIi  Continues  development  of 
graphic  displays  of  perfonsance  of 
battalion-sized  units  In  realistic 
training  environments,  with  ea^hasla 
on  Indirect  fire  assessments. 
Document  and  Inqprove  the  ease  of 
display  creation. 

SnaaRT:  The  first  year  of  the 
Battle  Enhanced  Analysis 
Methodologies  project  Illustrated  the 
use  of  coiq>uter  graphics  In 
describing  the  performance  of 
battallon-slzed  \inlts  In  simulated 
defensive  combat.  In  addition, 
sla^la  uncluttered  displays  that 
portray  the  movements  and 
Interactions  of  conqpany  (or  higher) 
sized  units  throughout  a  battle  were 
described.  These  descriptions  are 
data-based  and  objective,  providing 
useful  critiques  of  actual 
parforztance  according  to  standard 
Army  doctrine. 

In  this  second  year,  the  actual 
production  of  the  derived  displays 
was  simplified,  using  a  single 
platform  rather  than  the  Initial 
requirement  of  several.  The  ziajor 
new  displays  derived  portray  the 
destructive  potential  of  Indirect 
fire  weapons  In  the  defense,  using 
the  same  units  as  the  direct  fire 
displays.  This  allows  separate  and 
joint  examination  of  the  direct  and 
Indirect  fire  destructive  potential, 
providing,  among  other  things, 
objective  measures  of  the 
synchronization  and  agility  of  a 
force,  as  well  as  Indicators  of  Its 


Intelligence  function. 

POTTiTCBTlOMS  t  Larson,  H.J.  and 
Kemple,  N.O.,  "Graphical  Displays  of 
Synchronization  of  Tactical  Units," 
MPS  Technical  Report  HPS-OR-93-010, 
March  1993. 

Kample,  N.,  Dryer,  D.,  Reman,  J., 
Lasnnt,  R.,  Larson,  H.,  and  Nelson, 
M. ,  "Graphical  Indicators  of 
Battlefield  Performance,"  In 
Proceedings  of  the  25th  Syzqposlum  on 
the  Interface,  University  of 
California,  Barkolay,  1993. 

Larson,  H.J.,  Kasiple,  W.,  and  Dryer, 
D.A.,  "Visualising  Synchronization  of 
Tactical  units,"  accepted  for 
publication  in  Matheswtical  and 
Computer  Modeling.  Coaibat  Modeling 
issue. 

COHPRRRHCR  PRBSRNXRTXOn  t  Kemple, 
W. ,  Dryer,  D.,  Peman,  J.,  Lament, 
R.,  Larson,  H.,  and  Nelson,  M., 
"Graphical  Indicators  of  Battlefield 
Perforsumce, "  25th  Symposium  on  the 
Interface,  San  Diego,  CA,  March  1993. 

Feman,  J. ,  "Nonlinear  Battle 
Analysis  Vislual  Display  Indicators," 
Nor)cing  Group  33,  61st  Military 
Operations  Research  Symposium, 
Wright-Pattarson  AFB,  OH,  June  1993. 

DOD  KRT  TRCHNOLOGT  ARRA:  Software. 

KNXNORDS:  Synchronization,  Agility, 
Computer  Graphics. 
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MBOiTSIS  OF  R«CRUITIiM  PLMWlllO  STSTMI8 

H.  Larson.  Professor 
R.  Read.  Professor 
Departnent  of  Operations  Research 
C.  Keller.  DRMBC 

Sponsor  and  Funding:  U.S.  Any  Recruiting  Co^sand 


OSnCTZVSx  Th«  original  goal  waa  to 
raconeila/axplain  outputs  produead  by 
two  diffarant  rasourea  planning 
mymtmmm  usad  by  tha  Any  Racruiting 
Coeeand.  Latar  aatandad  to  aatiMta 
alastieitias  of  anlistoMnt  bonusaa 
and  aducation  banafits  anployad  in 
ona  of  thasa  aodals. 

SHMASTi  Initial  tima  waa  spant  in 
faatiliarisation  with  tha  Foracaating 
and  Allocation  of  Any  Racruiting 
Raaourcaa  Study  (FAARRS)  and  tha 
Saguantial  Hiararchical  Allocation  of 
Raaourca  llananta  (SHARK)  nodala,  aa 
wall  aa  tha  Job  Parfonanca 
MEaaauraa/Coat  Parfonanca  Tradaoff 
(JPM/CPT)  eodal.  Tha  FAARRS/SHARX 
■odal  outputs  of  optiauil  raaourca 
allocationa  wara  initially  found  to 
diffar  aubatantially  froai  thoaa  of 


tha  JPM/CPT  nodal,  baaad  on  tha  aaea 
inputs.  Subsaguant  to  atart  of  work 
on  this  affort,  a  naw  study  ra- 
astimatad  tha  alastieitias  usad  in 
tha  JPM/CPT  nodal,  which  brought  tha 
outputs  more  in  lino  with  aach  othar. 
It  is  thought  that  tha  alastieitias 
for  anlistmant  bonusaa  and  adueatim 
banafits,  from  this  now  study,  ara 
still  not  vary  aeeurato}  tha  currant 
focus  of  this  project  is  tha  aeeurato 
astimation  of  those  two  alastieitias. 
Soma  review  of  previous  modeling 
effort  has  baan  a  ,oeplishad  and 
tentative  arrangamants  for 
aeguisition  of  soma  naeassary  data 
have  baan  aiada. 

DOD  KXT  TKCHMOLOOnr  ARBA:  Other. 
KBmoSDS:  Rlastieitias,  Bonuses. 
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K.T.  Marshall,  Professor 
Dspartaent  of  Operations  Research 
Sponsor  and  Fundings  Office  of  the  Chief  of  Maval  Operations 

(OP-091) 


OBJSCTlVSi  Thla  Chair  waa 
aatabllahad  in  1990  to  provida  a 
diraet  ralationahip  batwaan  tha 
Diraetor,  Offiea  of  Mavy  Raquir«Mata 
for  Raaaaroh  and  Oavalopeant,  Taat 
and  Kvaluation  (09-091)  and  tha 
Suparintandant  of  tha  Naval 
9oatgraduata  School  (NPS)  in  ordar  to 
aatabliah  a  foeuaad  raaaarch  program 
that  axaminaa  tha  military 
implicationa  of  amarging 
taehnologiaa.  and  foatar  intaraetiona 
batwaan  NPS  and  tha  Navy  R&D 
coaaninity. 

StSSnsri  Approximataly  ona  quartar 
yaar  waa  davotad  to  tha  Chair  in 
py93.  Principal  activitiaa  included: 
(1)  a  aaadnar  involving  NPS  atudanta 
and  faculty  in  countering  theater 
balliatic  miaailaa  (TBM'a),  (2) 
aodaling  ROT&I  raaourca  allocationa, 
(3)  coeplatad  a  report  damonatrating 
NPS  uniquanaaa  in  teaching  adlitary 
taehnologiaa,  and  (4)  purauad 
intaraata  in  modeling  aaarch  for 
abort  range  balliatic  ad.aaila 
launchara,  target  identification 
problama,  uaing  ASN  eoncapta  to 
finding  land-baaad  targata. 

PCBUCRTIOSS:  Narahall.  K.T., 
Conner,  O.W.,  and  Khlara,  N.A., 
"Countering  Short  Range  Balliatic 
Miaailaa,"  NPS  Technical  Report  NPS- 
OR-93-009,  January  1993,  (aubadttad 
for  publication  in  Military 
Oparationa  Raaaarch. 

Marahall,  X.T.,  "The  Naval 
Poatgraduata  School  and  unraatrictad 
Lina  Officer  Graduate  Education, " 
Naval  Poatgraduata  School  Report, 
October  1993 . 


OOMTBRNMCK  PRSSMMXRTiam s  Marahall, 

K.T.,  ■  Influence  Diagrama  and  tha 
Value  of  Information  in  Dacialon 
Modeling,"  invited  tutorial.  Slat 
Military  Oparationa  Raaaarch  Society 
Syapoaium  (MORS) ,  APXT,  22-24  June 
1993. 

Marahall,  K.T.,  "Tha  Analytic 
Kiararchy  Procaaa  (ABP) t  Bow  it 
Nor)ca,  and  Aaaoelatad  Problems," 
Department  of  Operations  Research 
Saadnar,  17  Novambar  1993. 

TBBSBS  DIRBCXMDt  Hair,  Thomas  L., 
LT,  DSN,  "The  Application  of  Search 
Theory  to  the  Timely  Location  of 
Tactical  Ballistic  Miaailaa," 
Master's  Thesis,  March  1993. 

Raifanbargar,  Robert  A. ,  LT,  U8N, 
"Decision  Analyals  J^ppllad  to  tha 
Deployment  of  Modulariaad  Ocean 
Basing  System,"  Master's  Thasia, 
Saptambar  1993. 

Mattis,  Joseph  P.,  "LCDR,  08M,  "Tha 
J4>plicatlon  of  Random  Search  Theory 
to  tha  Detection  of  Tactical 
Ballistic  Missile  Launchers," 
Master's  Thesis,  Saptambar  1993. 

McQuail,  William  H.,  "Ivaluating  tha 
Analytic  Hierarchy  Process  and 
Raconmandad  Modlflcationa  for  its  Use 
in  Mult -Attribute  Decision  Making," 
Master's  Thesis,  Saptambar  1993. 

Simpson,  David,  LCDR,  OSM,  "DSP 
Satellite  Cueing  for  Tactical 
Ballistic  Missile  Defense  (U) , 
Master's  Thesis,  Saptambar  1993. 
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JABUt  SMUiora . 


URWOBMi  Daeialon  Aaalyaia.  Saareh 
and  Dataotlon. 
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lY  PROGRMi  mABOmr  OVERVIKIf  MODKL  (DEPMOMI 
P.R.  Milch.  Professor 
Departaent  of  Operstiims  Research 
Sponsor  and  Funding;  U.S.  Arsy  Recruiting  Connand  (USARXC) 


OBjacrzvii  Provid*  USARXC  managuMnt 
of  tho  Dolayod  Bntry  Program  (DBP) 
with  a  eoeputar  baaad  uaar-friandly 
tool  to  monitor  loaaaa  aawng  varloua 
catagoriaa  of  potantlal  racrulta  in 
tha  DBP. 

SOMOkST:  Two  PC-baaad  conqputar 
BK>dala  warn  conatructed  In  tha 
languaga  APL.  Tha  flrat  modal  called 
CONVBRT  haa  tha  taak  to  convert  tha 
nSARBC  provided  ASCII  filaa  to 
appropriate  APL  data  filaa  which  are 
aomaidiat  praaortad  to  accommodate 
their  uaa  by  tha  aacond  modal  called 
DBPMOM.  OBPMOM  coo^utaa  loaarataa 
for  varloua  catagoriaa  of  potential 
racruita  in  the  DBP.  Thaaa 
catagoriaa  may  ba  apacifled  by  tha 


user  in  terms  of  their  data  (year  and 
month)  of  contract,  ■mission  box 
number"  and  contracted  length  of  stay 
in  the  DBP .  Tha  term  ■mission  box 
number*  specifies  one  of  twenty-two 
different  categories  dependant  on 
educational  level,  mental  score, 
gander  auid  prior  sarvica  record. 

PDBLICATIQSS:  A  final  report 
including  usar  ntanuals  for  both 
models  to  be  subsiltted  to  the  sponsor 
is  in  progress. 

DOD  BBT  TBCHHObOOr  AKSAx  Other. 

KBmoSDS:  Pile  Management,  Data 
Analysis. 
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R.R.  RMd,  Professor 
Depsrtaent  of  Operstiozis  Research 
Sponsor  and  Funding:  HQ  USNC,  Code  MI 


OBJacnVB:  This  ia  a  continuing 
project.  The  goal  is  to  build  a 
ganaral  purpoaa  systaa  that  will 
convert  officer  personnel  data  into 
attrition  probabilities  that  are 
valid  for  tlae  intervals  of  several 
lengths,  and  sensitive  to  other 
Ijsportant  classifying  pmrammtmrm. 
Rank,  years  cosssiasioned  service, 
occupation  specialty  are  aiajor 
diserladnators  but  others,  such  as 
coBsdsslonlng  source,  gender,  etc  can 
be  required  as  well.  These 
requlresMnts  have  the  effect  of 
inducing  a  large  nusdier  of  cells 
which  have  low  personnel  inventory 
and  the  building  of  a  rate  generator 
tmder  these  circumstances  poses  the 
major  problem.  Modem  multi - 
parameter  estimation  schemes  have 
been  tested. 

nilllHH  r  I  Previous  work  has  supplied 
a  validated  SMthod  for  the  one  year 
lead  time  window.  This  method  has 
been  implemented  into  the  Narine 
Corps  Bumpower  andels  by  a  cosmiarcial 
organisation.  This  year's  work  dealt 
the  refinement  of  attrition  rates  for 
shorter  tlaie  periods,  specifically 
one  ax>nth  and  siultlples  of  one  awnth. 
Monthly  attritions  are  necessarily 
much  sauiller  than  yearly  attritions, 
and  the  statistical  a»delling  is  anich 
more  difficult.  Sobm  descriptive 
models  have  been  developed  using 
logistic  regression  techniques.  The 
standard  asymptotic  test  procedures 
are  inappropriate  for  defending  the 
chosen  models  in  the  absolute  sense, 
but  methods  for  the  relative 


comparison  of  competing  models  are 
believed  to  be  suitable.  It  should 
be  possible  to  adjust  the  monthly 
rates  so  that  they  are  compatible 
with  annual  rates  in  an  a^rqpriate 
sense  and  thereby  have  a  usable 
system. 

The  data  are  separated  by  grade  and 
the  nine  MOS  categories  in  the  ORG 
system.  The  stost  Important  effects 
uncovered  are  zone  and  months.  Three 
promotion  zones i  in  &  below,  once 
passed  over,  and  twice  passed  over 
have  very  pronounced  effects  upon  the 
behavior  of  attrition  rates.  The 
twelve  Btonths  themselves  are  also 
important,  but  they  can  be  aggregated 
into  four  categories:  those  with  low, 
BK>derate,  high,  and  very  high 
attrition.  Occasionally  sosm 
selected  two  factor  interactions 
stand  out.  The  years,  1982-1992,  are 
also  quite  important,  but  of  course 
they  have  no  predictive  value. 
Instead,  it  was  found  that  the 
unezploymont  rate  (lagged  by  three 
months)  emerged  as  a  useful 
covariate.  Unimportant  effects 
include  gender  and  the  dates  of 
convening  of  the  proswtion  boards. 

PUBLICATION:  Read,  R.R., 
"Descriptive  Model  of  Monthly  Officer 
Attrition,  ”  NPS  Technical  Report  MP8- 
OR-93-004,  November  1992. 

DOO  KBT  TICBNOLOOr  ARMAt  Design 

Automation. 

KXTNORDSi  Manpower  Models,  Attrition 
Rates,  Multiparameter  Rstlsuttlon. 
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BAMGE  CALIBKATlOlf  STDDIBS 
R.R.  Read,  Professor 
Departaent  of  Operations  Research 
Sponsor  and  Funding:  MUIIBS,  Keyport,  NR 


OBJacnVBi  This  is  s  continuing 
projset.  NUNBS  opsratsa  ssvaral 
undarwatar  vahicla  tracking  rangas  of 
tha  short  basalina  typo.  That  is, 
path  sagmants  ara  davalopad  from  a 
natwork  of  bottom  basad  throa 
diaansional  tracking  arrays,  and  it 
is  nacassary  to  aplico  togathar  tha 
path  sogmants  contributod  by 
individual  arrays  in  ordar  to  study 
tha  ovarall  bahavior  of  tha  vahicla. 
Ubfortunataly  thara  axist  sorious 
mi  smatchas,  of tan  timos  fifty  foot  or 
mora,  in  tha  attaaqpt  to  maka  ands 
moat.  This  problam  has  baan  prosant 
sinca  tha  opaning  of  tha  rangas  ovar 
thirty  yaars  ago,  and  all  pravious 
arror  budgots  and  intorpratations 
hava  failad  to  account  for  arrors  of 
this  Bkagnituda.  In  pravious  work  wa 
hava  idantifiad  important  arror 
sourcas  in  tha  ray  tracing  algorithm 
which  account  for  about  ona  third  of 
tha  total  saparation  arror.  A  numbar 
of  our  suggastions  hava  baan  mada 
oporatlonal  by  tha  sponsor  and  tha 
calibration  of  tha  range  has 
improvad . 

STMOUnr:  In  tha  prasant  parlod  wa 
hava  sought  to  catagoriza  the 
mismatches  into  a  handful  of  types. 
Much  information  can  be  gleaned  from 
tha  "triple  overlap"  regions,  l.e. 
those  regions  in  the  range  whose 
acoustic  signals  can  be  heard  by 
three  arrays  (roughly  positioned  to 
form  an  aqullataral  triangle) .  For 
data  in  these  regions  we  can  use  long 
basalina  methods  to  convert  acoustic 
signals  into  vehicular  track.  Any 
array  that  shares  a  triple  overlap 
region  with  each  of  six  other  arrays 
(in  six  directions  separated  by  about 
60  dagraas  each)  is  called  an 
"interior"  array.  For  each  of  the 


six  triple  overlap  regions,  tha  pairs 
of  nonintarlor  arrays  can  be  used  to 
generate  consensus  positions  «dilch 
can  be  compared  with  tha  position 
produced  by  tha  interior  arrayi 
presumably  tha  consensus  of  two  would 
hava  the  greater  stability.  Tha 
information  obtainable  could  lead  to 
prioritizing  choices  of  corractiva 
action. 

More  explicitly,  thara  ara  four  major 
conditions.  First,  if  all  six 
positions  produced  by  tha  interior 
array  were  below  (above)  tha 
consensus  positions  than  tha  presumed 
depth  of  the  interior  array  may  be 
greater  (lesser)  than  tha  actual. 
This  effect  may  be  confoxindad  with 
the  errors  in  tha  elevation  angle 
used  to  initialize  tha  ray  tracing 
algorithm.  Second,  if  tha  consensus 
and  test  positions  ara  all  at  tha 
same  depth,  than  it  should  be  an  easy 
matter  to  identify  and  correct  a 
horizontal  offset  in  tha  location  of 
the  interior  array.  Third,  tha  plana 
of  the  test  positions  can  bo  ccoparod 
with  that  of  the  consensus  positions. 
Should  one  be  canted  relative  to  the 
other,  then  the  array  tilts  may  be  in 
error.  Fourth,  tha  test  positions 
may  be  systematically  rotated  in  a 
common  direction  relative  to  the 
consensus  positions.  Such  a 
condition  supports  an  arror  in  tha 
array  azimuth  angle  (ZROT) . 

Naturally  all  four  forma  of  error  are 
likely  to  be  encountered 
simultaneously  in  an  oporatlonal 
situation.  Because  of  this,  there  is 
need  to  develop  a  strategy  for 
deciding  upon  the  most  likely 
combination  of  effects  as  well  as  a 
step  size  for  modifying  the  interior 
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array  parasatara  for  nsa  in  tha  naxt 
atap  of  tha  Itaration.  Tha  praaant 
affort  la  at  thia  point.  Datails  ara 
in  tha  tachnical  raport .  Tha 
idlosyncraslaa  of  raal  data  includa 
tha  facts  that  saldoai  do  wa  gat  a 
vahicla  travarslng  through  all  six 
trlpla  ovarlap  ragions  on  tha  aama 
day#  and  occasionally  tha  dapth- 
valocity  sound  spaad  infonaatlon  is 
not  currant. 

POaiilChTTOWt  Coopar.  C.  and  Raad, 


R.R.,  "Ranga  Calibration  Studias 
Intarin  Raport ,  *  MRS  Tachnical  Report 
NFS -OR- 93 -012,  May  1993. 

DOO  KKT  TMCHMOUXnr  ABBht  Oasign 

Xutoanation. 

nmORDS:  Calibration,  undarwatar 

Sansing . 
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BATTLE  GROUP  LOGISTICS  SUPPORT  SYSTBi 
D.A.  Schrady,  Professor 
Department  of  Operations  Research 
S.  Isakari,  Professional  Staff  Meiid>er 
Department  of  Computer  Sciences 
Sponsor  and  Funding:  CNO  N4  and  N6 


OBJECTIVE:  The  goal  o£  this  project 
was  to  restructure  and  extend  the 
prototype  version  o£  the  Battle  Group 
Logistics  Coordinator  Support 
Systeas,  BOLCSS,  for  the  Navy  Joint 
Maritiaie  Comnand  Information  Systems, 
JMCIS,  and  to  do  so  with  the  "2.1 
Unified  Build"  software  release  in 
late  FY94. 

SUMEBBT:  The  stand-alone  PC  BGLCSS 
prototype  software  had  been 
demonstrated  in  a  number  of  fleet 
exercises  and  determined  to  be  a 
fleet  requirement.  Restructuring  to 
the  C  language  and  a  UNIX  workstation 
was  required.  Further  changes  were 
that  certain  Inputs  made  manually  in 
the  PC  version  would  be  acquired  from 
the  track  database  in  JMCIS.  Finally 
a  number  of  features  of  the  PC 
version  would  be  modified  based  on 
operational  experience.  Overall 
design  and  graphical  user  interface 
creation  was  accomplished  in  FY92 . 
In  FY93  programming  of  nearly  all 
functionally  has  been  completed  and 
five  demonstrations  were  given. 
Strike  ordnance  use  planning  factors 
were  developed  and  needed  ship, 
aircraft,  fuels  and  ordnance 
databases  developed.  Program 
refinesients,  on-line  help,  and 
integration  into  JMCIS  are  tasks 
remaining  to  be  accomplished. 

PDBLICATIOE:  Schrady,  D.A.,  "Carrier 


Strike  Ordnance  Planning  Factors: 
Desert  Storm  Experience  (U) , "  NPS 
Technical  Report  NPS-OR-93-021, 
December  1993. 

CONFERENCE  PRESEMTATIOES :  Five 
presentations  and  demonstrations  were 
given: 

(1)  SPAWAR  for  SPAWAR,  N4,  and  N6 
personnel,  28  July  1993. 

(2)  Secure  Tactical  Data  Natwork-4 
Exercise,  NRaD,  San  Diego,  CA,  1-14 
September  1993 . 

(3)  JMCIS  Requirements  Working  Group, 
Dam  Neck,  VA,  18-20  October  1993. 

(4)  Naval  Tactical  Command  System 
Support  Meeting,  North  Island,  San 
Diego,  CA,  7-8  December  1993. 

(5)  Logistics  Wargame  94,  Naval  War 
College,  Newport,  RI,  10-14  January 
1993. 

THESIS  DIRECTED:  Schiffman,  D.L., 
"An  Underway  Replenishment  Module  for 
the  Battle  Group  Logistics 
Coordinator  Support  System,"  Master's 
Thesis,  September  1993. 

DOD  KEY  TECHNOLOGY  AREA:  Other. 

KEYWORDS:  Naval  Logistics,  Coiidt>atant 
Logistics,  Tactical  Logistics. 
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K  liQliTK-CARI.0  8TDDY  FOR  A  TWO-8TAQE 
BSTHi^TiaW  OF  RANDOM  FAILURg  RATE  OF  WBAPOW  SYSTMiS 
S.Y.  Sohn,  Assistant  Professor 
Department  of  Operations  Research 
Sponsor  and  Funding:  Naval  Postgradxiate  School 


OBJSCTIVS:  Th«  goal  of  this  pro j act 
was  to  conqpara  astlmatlon  mathods  for 
analysing  random  avant  rata  of  tha 
Poisson  procass. 

SnsilBPTt  In  this  papar,  a  random 
affact  Poisson  ragrasslon  modal  was 
consldarad  for  tha  pradlctlon  of  tha 
failura  rata  which  would  follow  a 
lognorstal  distribution.  A  two-staga 
procadura  was  usad  to  obtain  tha 
ragrasslon  astlmator  of  tha  failura 
rata  as  wall  as  tha  shrinkaga 
aatlsuitor.  Thasa  astlaiators  wara 
comparad  to  both  tha  raw  astlmator 
which  antlraly  dapands  on  tha 
historical  failura  racords  and  a 
shrinkaga  astlmator  in  which  a  gamma 
distribution  is  usad  mlstakanly  In 
placa  of  tha  lognormal  prior 
distribution.  Rasults  of  Monta -Carlo 
slaiulatlon  Indicatad  tha  following  in 
tarsis  of  tha  MSB:  (1)  ovarall,  tha 
shrinkaga  astlmator  basad  on  tha 
lognormal  prior  distribution  psrforms 
bast;  (2)  with  tha  modarata 
variability  in  tha  failura  ratas  (0- 


2.S),  tha  parformanea  of  tha 
shrinkaga  astlmator  basad  on  tha 
gamma  distribution  is  not 
significantly  dlffarant  from  that  of 
tha  shrinkaga  astixaator  basad  on  tha 
lognormal  distribution)  and  (3)  idian 
thara  axlsts  consldarabla  variability 
In  tha  failura  ratas  (0-10),  tha  raw 
astlmator  appaars  to  raplaca 
shrinkage  estimators.  In  tares  of 
the  Bias,  tha  raw  astisiator  parforau 
batter  than  tha  others. 

OTHER:  Sohn,  S.Y.,  "A  Coeparativa 
Study  of  Four  Estimators  for 
Analyzing  tha  Random  Bvant  Rata  of 
Poisson  Procass,”  Journal  of 
Statistical  Computation  and 
Simulation.  Vol.  49,  pp.  1-10,  1994. 

DOD  KBY  TBCHMOI^OGY  ARXA:  Other. 

KBYNORDS:  Polsson  Ragrasslon, 
Lognormal  Distribution,  Shrinkage 
Estimator,  Two-Stage  Bstlmatlon, 
Maximum  Likelihood  Bstlmatlon. 
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OPTIMAL  LKVEL  OF  THE  U.S.  ARMY  ADVERTISIMG  BODSET 
S.T.  Sohn,  Assistant  Professor 
Departnent  of  Operations  Research 
N.  Webb,  Assistant  Professor,  DRMI 
Sponsor  and  Funding:  U.S.  Any  Recruiting  Coaaand 


OBJSCnvSs  The  goal  of  this  project 
was  to  analyze  the  problem  ^ 
allocation  of  advertising  resoi 
faced  by  the  0SAREC.  The  followi.119 
is  the  svimmary  of  the  on-going 
project. 

SiaaiAKT:  The  problem  was  defined  in 
two  stages.  In  the  first  stage, 
young  men  and  women  are  made  aware  of 
opportunities  to  enlist  in  the 
military  through  media  and  other 
advertising  efforts.  In  the  second 
stage,  awareness  is  translated  into 
signed  contracts  or  enlistments.  The 
number  of  enlistments  is  a  function 
of  awareness  (advertising 
expenditures) ,  recruiting  efforts. 


incentive  and  bonus  prograau  and 
other  labor  market  conditions.  Me 
concluded  the  discovery  phase  of  the 
project,  and  have  made  significant 
progress  in  developing  a  functional 
form  for  the  stodels  we  Intended  to 
es^loy.  The  analysis  of  the  extent 
advertising  literature  was  nearly 
conflate.  He  currently  plan  to  run 
preliminary  versions  of  the  following 
Biodels:  the  translog  cost  function 
and  the  rational  a^qpectations  model 
suggested  by  Dr.  Wegner  at  USARBC. 

DOD  KXT  TBCBMOLOCT  ASSAt  Other. 

KBTHORDS:  Advertising  Rlasticlty, 

Translog  Cost  Function. 
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A.  Washburn,  Professor 
Departnant  of  Operations  Research 
Sponsor  and  Funding:  Department  of  Defense 


OBJSCrXVS:  This  rssssrch  concsrns  m 
nstwork  of  dirsctlon  finding  stations 
that  attanpts  to  locata  a  targat  by 
trlangulatlon.  Tha  fraquancy  amittad 
by  tha  targat  is  not  pradlctabla,  and 
aach  station  can  only  monitor  a  flxao 
nufflbar  of  fraquanclas.  Tha  problam 
is  to  calculata  tha  targat  location 
probability  p  for  a  glvan  "tasking" 
of  fraquanclas  to  stations,  and  also 
to  datarmlna  tha  optimal  tasking  if 
posslbla.  Past  %rark  has  concantratad 
on  calculating  an  approxlmata  p 
afficlantly  by  an  analytic  tachniqua, 
and  on  finding  a  locally  optimal 
tasking  by  first  ordar  mathods.  Tha 
currant  work  is  a  continuation. 

SUlQIMtT;  Soma  modarn  tachniquas 
(simulatad  annaallng,  ganatic 
algorithm)  for  combinatorial 
optiiftizatlon  wara  axplorad,  but  nona 
saam  to  ba  an  lnq>rovamant  on  tha  old 
first  ordar  mathod.  Work  on  improv¬ 


ing  the  evaluation  of  tha  objective 
function  was  aiora  fruitful.  In 
particular,  Honta  Carlo  slsnilation 
seams  to  coiiq>eta  vary  wall  with  tha 
old  analytic  method  in  tha  sense  of 
providing  more  accuracy  par  unit 
coiiq>utational  effort.  Haw  first 
ordar  tachniquas  for  optisdsation 
wara  developed  that  deal  with  tha 
8aiiq>llng  error  that  is  inharant  in 
Monte  Carlo  tachniquas.  All  things 
considered,  tha  Monta  Carlo  mathod  of 
determining  an  optiautl  tasking 
appears  to  ba  superior  to  the 
analytic  mathod. 

OTHER:  This  work  was  dona  in 

cooperation  with  Lyn  Thomas,  a  sximmar 
visitor  from  U.  Edinburgh. 

DOD  RET  TECHHOljOOT  AREA:  Other. 

KEYWORDS:  Combinatorial, 

Optimization,  Direction  Finding. 
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CATEGORICAL  DATA  ANALYSIS 

L.K.  Nhl taker.  Associate  Professor 
R.R.  Read,  Professor 

M.  Bailey,  Associate  Professor 

N.  Kesple,  Assistant  Professor 
S.T.  Sohn,  Assistant  Professor 

Department  of  Operations  Research 
Sponsor  and  Funding:  Kaval  Postgraduate  School 


OBJRCTXVS:  Th«  purpos*  of  this  two 
yaar  pro j act  la  to  fund  OR  faculty  to 
gain  axpartiaa  in  tha  araa  of 
catagorical  data  analysis .  It  Is 
vital  that  this  axpartisa  ba  of  a 
practical  natura  as  wall  as 
thaoratical.  Thus  tha  analysis  of 
data  of  Intarast  to  DoO  sponsors 
diraetad  our  first  yaar  work, 
nltlstataly,  our  goals  ara  to  Idantify 
sponsors  for  ralabursabla  rasaarch, 
giva  o\ir  studants  tha  tools  that  thay 
naad  to  analysa  this  typa,  and  to 
contrlbuta  to  tha  litaratura  in  this 
araa. 

SQMMRKTx  Kvan  though  funding  for 
this  rasaarch  was  liaitad  to  2.5 
faculty  quarters /  we  have 
accoopllshad  mora  than  our  original 
first  yaar  goals.  Wa  now  hava  the 
ability  to  analyze  large  and  fairly 
coaplax  catagorical  data  sets. 
Specifically,  Profassors  Whitaker  and 
Raad  hava  continued  to  refine  their 
analysis  of  the  Operational 
Propulsion  Plan  Exam  data  which  has 
bean  used  as  a  case  study  for  OA3105. 
At  tha  request  of  the  Marine  Corp 
Manpower  and  Analysis  Branch, 
Profassors  Raad  and  Whitaker  have 
also  looked  into  the  problem  of 
success  at  Officer  Candidate  School, 
ASVAB  waiver  and  race.  Professor 
Read  has  completed  an  analysis  of 
officer  attrition  rates  for  the 
Marine  Corp.  Professor  Sohn  has 
coaplated  an  analysis  of  transmission 
line  length  and  outage  rates. 
Professors  Whitaker,  Larson  and  LCDR 
Bos ford  have  taken  the  first  hard 


look  at  the  MK46  aequlsitl<m  rate 
data.  Prelisdnary  analysis  reveals  a 
structure  rich  enough  that  it 
deserves  further  study.  Professor 
Whitaker  and  several  students  have 
been  looking  at  losses  of  Army 
recruits  while  in  the  Delayed  Bntry 
Program  for  USARBC.  Professor  Larson 
and  a  student  have  considered  a 
similar  problem  for  the  Havy. 
Interested  faculty  and  students  met 
biweekly  for  two  quarters  for  a 
seminar  in  Categorical  Data  Analysis. 
In  this  sastlnar  we  discussed  issues 
(such  as  the  computational  and 
theoretical  problazts  of  vary  large 
but  sparse  data  sets)  motivated 
primarily  by  DoD  data.  Relsdsursable 
funds  from  USARBC  have  been  secured 
to  study  DBP  losses  and  several  other 
potential  funding  sources  have  been 
identified.  Professor  Whitaker  has 
also  continued  research  on  the  two 
sample  problem  with  ordinal 
responses,  focusing  on  the  small 
sanple  problem. 

PUBLICATIONS:  Sohn,  S.Y.,  "An 
Investigation  of  the  Statistical 
Relationship  Between  34sXV 
Transmission  Line  Length  and  the 
Outage  Rate , ”  International  Journal 
of  ROSE,  to  appear  J^rll  1994. 

Read,  R.R.,  "Perforsiance  Review  of 
the  Officer  Rate  Generator,"  Ver. 
1.0,  NPS  Technical  Report  lIPS-OR-93- 
002,  October  1992. 
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onBtt  R«ad,  R.R.,  *D«acriptiva 
Mtodals  of  Monthly  Off le«r  Attrition, " 
UPS  Tochnieal  Report,  f orthconing . 

Road,  R.R.  and  Nhitakor,  h.R.,  "A 
Data  Analyais  of  Succoss  in  OCS,  tho 
Uaa  of  ASVAB  Naivors,  and  Raco,  HPS 
Toehnlcal  Roport  MPS-OR-93-013, 
Soptoabar  1993. 

Profasaor  Snyth  from  tho  Univoroity 
of  Quoonsland  gave  a  aominar  on 
"QaaoBa  adjctxiroa  of  Poiaaona,*  and  haa 
boon  invited  for  an  oxtondod  viait  in 
1994.  Ho  will  give  a  aeadnar  aorioa 
in  Oonoraliaod  Linear  Modola  with  a 
foeua  on  thoae  with  categorical 
roaponaoa.  Profoaaor  Nhitakor  haa 
two  papora  in  progroaa  on  tho  amall 
aaaplo  ordinal  data  problem. 

Valoa,  J. ,  LT,  tJSM,  *BatliBating 
Conditional  Probabllltloa  of  Loaaoa 
in  tho  Delayed  Bntry  Program, " 
Maator'a  Thoala,  expected  March  1994. 

Mattoa,  R.,  "US  Navy' a  Delayed  Bntry 
Program  Btfecta  of  it' a  Length  on  DBP 


Loaa  and  Firat  Term  Attrition,  * 
Maator'a  Thaaia,  oj^ected  March  1994. 

THBSRS  DIRMCTHD:  Beagle,  R.,  LT, 
DSN,  "The  Mavy'  a  Search  for  a  Few 
Good  Women:  Analyaia  of  a  Direct  Mail 
Campaign,*  Maator'a  Theala,  September 
1993. 

Lian,  T.T.,  ■Application  of  Logiatlc 
Regreaalon  and  Survival  Analyaia  to 
the  atudy  of  CBP,  Manpower 
Performance,  and  Attrition,  "  Maater' a 
Theala,  September  1993. 

DQD  BBT  TBCHMOLOGT  ARBAi  Other. 

BnwORDS:  Categorical  Data  Analyaia, 
Oeneralized  Linear  Modola,  Logiatie 
Regreaalon. 
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SYSTBI  KFFKCTlVgliESS  II 


l-MkTQ  SgA«PmBB«f 


W.M.  WoodB,  Professor 
Depart»ent  of  Operstions  Research 
Sponsor  and  Funding:  Naval  Warfare  Aircraft  Center 


(mac) 


OBJSCTXVBi  Work  on  this  projsct  in 
rY92  resulted  in  system  effectiveness 
equations  for  the  MATO  Seasparrow 
Surface  Missile  System.  The  use  of 
these  equations  require  estisiates  of 
probabilities  that  a  specific  target 
(type,  range,  altitude,  speed)  will 
be  killed  when  two  MATO  Seasparrow 
missiles  are  fired  against  it  with 
known  errors  in  a  specific  set  of  the 
sdesile  parameters  at  time  of  laxmch. 
These  estimates  must  be  obtained 
using  existing  six  DOF  coa^uter 
adssile  fly-out  simulations  and  end¬ 
game  analysis.  A  portion  of  the 
effort  in  FY93  was  devoted  to 
evaluating  the  capability  to  perform 
these  simulations  at  NFS  using 
existing  missile  fly-out  simulations 
in  an  MPS  simulation  laboratory. 
Although  NFS  has  the  six  DOF  fly-out 
software  approved  by  the  NATO 
Frograsts  Office,  some  special 
expertise  is  needed  to  do  some  of  the 
end-game  analysis  that  may  not  reside 
at  NFS.  Discussions  were  held  with 
Naval  Surface  Warfare  Center  (NSAC) 
personnel  at  China  Lake,  to  assess 
the  feasibility  of  NFS  students 
performing  these  fly-ou^  simulations 
at  NFS  and  perhaps  combin.lng  efforts 
with  NSWC  to  do  special  end-game 
analysis  if  needed.  Such  a  combined 
effort  is  needed  in  order  to  do  the 
required  sisiulations,  because  budget 
cuts  in  the  MATO  Seasparrow  Program 
prohibit  the  support  for  these 
simulations  at  Navy  labs.  The  effort 
is  still  in  progress  and,  if 
resolved,  should  lead  to  a  highly 
valuable  student  thesis. 

During  FY93,  the  principle 
investigator  served  on  the  Technical 
Advisory  Group  (TAG)  for  the  Troubled 


System  Process,  a  program  jointly 
managed  by  the  CIMCFACFLT  AMD 
CINCLAMTFLT.  He  attended  two  two-day 
Biee tings  at  the  Naval  Warfare  Center, 
Corona,  California.  A  final  report 
was  given  on  the  evaluation  of  the 
roll  up  procedure  used  to  eoapute  the 
Kquipment  Operating  Capability  (BOC) 
for  major  systems  using  Fre-MOC 
values  on  sub  systems,  down  to  three 
Indentured  levels  below  the  system 
level.  This  roll-up  procedure  was 
developed  by  Vitro  Corporation  over 
ten  years  ago  and  had  been  validated 
by  several  contractors  and 
universities.  In  ay  review,  it  was 
found  to  contain  a  basic  flaw  in  the 
way  it  accounted  for  "redundant" 
conponents .  Final  recommendations 
were  made  to  modify  elements  of  the 
TSP  process  to  correct  the  discovered 
wea)cness . 

A  report  was  developed  and  delivered 
that  reviewed  a  proposed  extension  of 
the  TSP  roll-up  algorithm  to  the 
Battlegroup  level  using  base  line 
pre-EOC  values  for  ships. 

A  methodology  was  developed  to  assess 
the  impact  on  the  system  BOC  of  a  no¬ 
test  on  some  of  its  critical 
components  during  the  Co^at  System 
Readiness  Tests  (CSRT) .  These  no¬ 
test  reports  are  usually  correctly 
shortly  after  coiiq>letlon  of  the  CSRT 
tests,  but  when  counted  as  no-tast 
give  misleading  results  in  the  System 
BOC. 

DOD  KBT  TBCHHOL06T  ABBA:  Other. 

KBTWORDS :  Operational  Readiness , 
System  Effectiveness. 
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DEPARTMEMT  OF  PEnfSlCS 


Tha  following  thirty- four  reaaarch  siinmiarlas  daacrlbe  pro j  acts  idilch  wara  carrlad 
out  undar  tha  dlractlon  of  faculty  manbars  In  tha  Physics  Dapartaant  during  PYSS . 
Thay  span  a  broad  ranga  from  basic  rasaarch  Into  tha  production  of  light  by  high 
aaplltuda  sound  fields  (sonoliimlnascanca)  to  applied  topics  such  as  an  analysis 
of  fleet  weapons  systems  Ilka  tha  Phalanx  gun  and  infrared  technology  support  for 
tha  Aegis  program.  Although  a  good  deal  of  theoretical  analysis  is  aaployad  In 
all  of  these  projects,  almost  all  are  distinguished  by  tha  fact  that  thay 
Included  laboratory  and/or  field  aj^ariments  and  thay  produce  physical 
"hardware" .  All  of  tha  rasaarch  prograsis  Involve  our  of  f  icar/studants  idiosa 
contributions  to  thasa  efforts  are  documented  In  their  Master's  theses. 
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CBJMCnVEt  Thla  project  la  an  axpar- 
iaMntal  Invaatigatlon  of  the  propar- 
tlaa  of  plcoaacond  aonolumlnaacanca, 
amittad  by  alngla  gaa  bubblaa  lavl- 
tatad  In  watar/glycarln  aolutlona  by 
an  acouatlc  atandlng  wava.  Tha 
anphaala  of  thla  baalc  raaaarch  pro¬ 
ject  la  on  oaaaurlng  tha  apactrxia  of 
tha  aadttad  light,  tha  alza  of  tha 
bubble  during  light  amlaalon,  tha 
duration  of  tha  amlaalon,  and  tha 
periodicity  of  tha  amlaalon. 

fmTTIlTT-  Tha  main  conclualona  from 
the  apactral  maaaxiraBianta  are:  tha 
radiated  energy  decraaaaa  aa  tha 
glycerin  concentration  Incraaaaa;  tha 
peak  of  tha  apactrim  ahlfta  to  longer 
wavalangtha  aa  tha  glycerin  concen¬ 
tration  Incraaaaa,  Indicating  that 
tha  bubble  la  affectively  cooler;  and 
tha  fitted  blackbody  tanperatura  for 
aailaalon  from  water  la  ~16  000  K 
while  that  from  glycerin  aolutlona  la 
>10  000  K.  In  order  to  batter  undar- 
atand  aonolumlnaacenca.  It  la  daalr- 
abla  to  know  tha  radlua  of  tha  bubble 
aa  a  function  of  time.  It  la  partic¬ 
ularly  Important  to  know  the  radlua 
of  tha  bubble  near  the  time  of  emla- 
alon.  Such  maaauremanta  have  bean 
performed  ualng  a  pulsed  laser,  Mia 
scattering  technique.  Tha  results 
Indicate  that  the  bubble  may  reach  a 
radius  of  approximately  3  mm  at  the 
time  of  SL  emission.  The  maximum 
bubble  wall  velocity  Is  estimated  to 
bo  approximately  130  m/s.  Direct 
Imaging  of  the  liimlnesclng  bubble 
with  a  CCD  camera  yields  similar 
results.  Measurements  of  the  period¬ 
icity  of  the  omission  showed  that 
period  doubling,  quaslperlodlclty  and 
chaotic  behavior  were  observed  under 
certain  drive  parameters.  Measure¬ 


ments  of  the  duration  of  the  amlaalon 
are  still  under  analysis. 
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OBJSCrxVB:  Th«  long  term  goal  of 

this  research  is  to  develop  a 
thorough  understanding  of  thermoa¬ 
coustic  phenomena.  The  investiga¬ 
tions  involve  both  heat  puaqps  and 
prime  movers. 

SIMOUnr:  Our  major  research  efforts 
in  FY  1993  were  concentrated  in  five 
areas:  1)  an  analysis  of  the  initial 
buildup  of  oscillations  in  thermoa¬ 
coustic  prisia  movers;  2)  an  investi¬ 
gation  of  stability  curves  for  a 
thensoacoustic  prime  mover;  3)  ini¬ 
tial  measuresMnts  of  the  velocity 
field  in  thermoacoustic  engines  using 
laser  Doppler  anemometry;  4)  measure¬ 
ments  of  heat  exchanger  performance 
in  a  thermoacoustic  prime  mover;  and 
5)  a  preliminary  investigation  of 
heat  driven  refrigerators.  In  addi¬ 
tion  to  these  areas,  FY  1993  research 
efforts  also  Included  a  collaborative 
experiment  on  traveling  wave  thermo¬ 
acoustic  effects.  The  results  of 
those  investigations  are  detailed  in 
the  publications  listed  below. 

FQBLIChTXaHS:  Gaitan,  D.F.  and 

Atchloy,  A. A. ,  "Finite  Aiq>litude 
Standing  Waves  in  Harmonic  and  Anhar- 
monlc  Tubes , "  Journal  of  the  Acousti¬ 
cal  Society  of  America.  Vol.  93,  pp. 
2489-2495,  1993. 

Atchley,  A. A. ,  "Annual  Summary  of 
Basic  Research  in  Thermoacoustic  Heat 
Transport:  1992,"  NFS  Technical 

Report  NFS  FH-93-006,  November  1992. 

OOMFHRICB  PRBSBHTATI(»IS:  Atchley, 
A. A. ,  "Standing  Wave  Analysis  of  the 
Low  As^litude  Ferforaumce  of  a 
Thonioacoustic  Frime  Mover, "  123rd 

Meeting  of  the  Acoustical  Society  of 


Aawrica,  Salt  Lake  City,  DT,  May 
1992,  Journal  of  the  Acoustical 
Society  of  America.  Vol.  91,  Ho.  4, 
Ft.  2,  p.  2396(A),  1992. 

Gaitan,  D.F.  and  Atchley,  A. A.,  "Fi¬ 
nite  An^litude  Standing  Waves  in 
Harmonic  and  Anharmonlc  Closed 
Tiibes,”  123rd  Meeting  of  the  Acoxisti- 
cal  Society  of  America,  Salt  Iiake 
City,  DT,  May  1992,  Journal  of  the 
Acoustical  Society  of  America.  Vol . 
91,  Mo.  4,  Ft.  2,  p.  2330(A),  1992. 

THRSBS  DIRBCTRD:  Kuo,  F.M.,  "Sta¬ 
bility  Curves  for  a  Thermoacoustic 
Frime  Mover,"  Master's  Thesis  Engi¬ 
neering  Acoustics,  June  1993. 

Che,  C.,  CDR,  Taiwan  Navy,  "Investi¬ 
gation  of  a  Thermoacoustic  Muffler," 
Master's  Thesis,  Engineering  Acous¬ 
tics,  December  1992. 

OTHER:  Atchley,  A. A.  and  Kuo,  F.M. , 
"St2d>ility  C^irves  for  a  Thermoacous¬ 
tic  Prime  Mover, "  accepted  for  publi¬ 
cation  in  Journal  of  the  Acoustical 
Society  of  America,  expected  publica¬ 
tion  date  March  1994. 

Atchley,  A.A. ,  "Analysis  of  the  Ini¬ 
tial  Buildup  of  Oscillations  in  a 
Thermoacoustic  Prime  Mover,  "  accepted 
for  publication  in  Journal  of  the 
Acoustical  Society  of  America,  ex¬ 
pected  publication  date  March  1994. 

DOD  KEY  TBCHH0L06Y  AREA:  EnviroiUMn- 
tal  Effects,  Electronic  Devices. 

KEYWORDS:  Thermoacoustics,  Acous¬ 
tics,  Heat  Engine,  Prime  Mover,  Basic 
Research. 
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A.  Atchley,  Associate  Professor 
B.  Denardo,  Research.  Assistant  Professor 
A.  Larraza,  Research  Assistant  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Hhval  Postgraduate  School 


OBJSCTXVI:  Thla  pro j act  daala  with 
axparlamntal  and  thaoratlcal  atudlaa 
of  tha  nonllnaar  Intaractlona  of 
aound  with  anlaotropic  noiaa. 
Spaciflcally,  tha  axparlmantal 
dataraklnatlon  of  tha  attanuatlon  of  a 
algnal  by  a  highly  anlaotropic  noiaa 
aourca.  Appllcatlona  to  tha  ahallow 
watar  acouatlc  anvlroninant  ara  mada. 

SISBIhKTx  In  tha  praaanca  of  high 
Intanalty  broad  band  noiaa,  a  asiall 
algnal  attanuataa  dua  to  nonllnaar 
Intaractlona  with  tha  noiaa.  If  tha 
noiaa  la  laotroplc,  tha  attanuatlon 
la  a:g>onontlal ,  axp(-ax),  whara  x  la 
tha  dlatanca  from  tha  aourca.  Ona 
alight  think  that  In  typical  ayatama 
tha  attanuatlon  of  a  algnal  dua  to 
vlaeoua  and  tharaial  loaaaa  would 
doodnata  tha  attanuatlon  dua  to 
Intaractlon  with  noiaa.  Howevar, 
thla  la  not  trua  for  undarwatar  aound 
propagation  at  acouatlc  frequanclaa 
balow  10*  Hx  (which  la  tha  fraquancy 
ranga  of  Intaraat  In  Navy  appllca¬ 
tlona)  .  In  thla  caaa,  tha  attanua¬ 
tlon  of  an  acouatlc  signal  dua  the 
aadilant  noiaa  energy  (-2x10'*  arg/cm^) 
doadnates  viscous  and  thermal  losses. 
For  shallow  watar  acoustic  propaga¬ 
tion,  bottom  friction  and  topography 
auiy  bo  tha  aialn  causa  for  sound 
attenuation.  Howovar,  these  can 
causa  the  noise  spectral  distribution 
to  ba  anlaotropic  (l.a.,  to  depend 
upon  direction)  .  In  tha  limiting 
case  of  Intaractlon  with  noise  In  ona 
dlxMnslon,  tha  attenuation  coeffi¬ 
cient  has  been  predicted  to  ba  a 


linear  function  of  position;  that  la, 
tha  aa^lltuda  of  tha  signal 
attenuates  as  a  gaussian,  axp(-bx^), 
whara  b  depends  on  tha  total 
Integrated  noiaa,  and  la  Independent 
of  the  details  of  noise  spectral 
distribution.  Although  it  la  not 
luiown  at  present,  avan  a  small  amount 
of  noise  anlsotrophy  may  give  rise  to 
a  gaussian  component  to  tha  attenua¬ 
tion  of  a  signal.  Because  tha 
gaussian  will  necessarily  dominate 
tha  exponential  for  sufficiently 
large  distances,  anlaotropic  ambient 
noise  can  play  an  important  role  In 
the  attenuation  of  a  ahallow  watar 
acoustic  signal. 

CQMraKKHCK  FRKSNNXATXaO t  Denardo, 
B.,  "Nonllnaar  Navas:  Salf-Locallxad 
Structures  and  Absorption  of  Sound  by 
Anisotropic  Noise,"  Physics 
Department  and  National  Cantor  for 
Physical  Acoustics  colloquium. 
University  of  Mississippi, 
University,  MS,  5  Novambor  1992. 

Larraza,  A.,  Denardo,  B.,  Atchlay, 
A. A.,  and  Dorff,  S.,  "Absorption  of 
Sound  by  Noise  in  Ona  Dimension, " 
Journal  of  the  Acoustical  Society  of 
America.  Vol.  93,  Pt.  2,  4pPA3,  1992. 

DOD  KBT  TBCBMODOGT:  Bnvironmantal 
Effects . 

XBXNORDS:  Nonlinear  waves.  Random 
Naves,  Shallow  Natar  Ocean  Acoustics. 
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gTPTOTlfKMTAL  IMVSSTIGATIOM  OF  THE  SCATTOtlMS  OF 
UMDERlikTKR  SOUND  FROM  A  POROUS  SOLID  SPHME 
S.K.  Baker,  Associate  Professor 
Departaeiit  of  Physics 
Sponsor:  Naval  Coastal  Systens  Station 
Funding:  Naval  Postgraduate  School 


rajKTIVBs  Th«  objactlva  ia  to 
•xporlaantally  validate  a  theory 
developed  by  acientiata  at  the  Naval 
Coastal  Systeas  Station  for  the 
scattering  of  underwater  sound  from 
a  poroua  solid  sphere.  This  is  a 
new  project. 

SnSOKT:  Drs.  Raymond  him  and  Steve 
Kargl  of  the  Naval  Coastal  Systems 
Station  have  developed  a  theory  for 
the  scattering  of  elastic  waves  from 
a  fluid- filled  porous  solid  obstacle 
embedded  in  a  fluid- filled  porous 
solid  host.  Their  theory  enqploys 
the  Biot  theory  for  the  propagation 
of  elastic  waves  in  a  fluid- filled 
porous  solid  and  the  T-siatrix  method 
for  the  multiple  scattering  of 
waves.  The  theory  has  potential 
application  to  the  detection  of 
siine-like  objects  buried  in 
sedlsMnt . 

Professor  Baker  initiated  a  project 
in  FY93  to  experimentally  validate 
Lim  and  Kargl' s  theory.  As  a  first 
test,  experimental  sieasurements  of 
the  scattering  of  underwater  sound 
from  a  porous  solid  sphere  were 
compared  to  predictions  of  Lim  and 
Kargl 's  theory.  To  the  best  of  our 
knowledge,  such  measuresients  have 
not  been  reported  previously. 

Porous  solid  sphere  samples  wero 
obtained  of  nominal  diameter  2 
inches,  one  composed  of  100  micron 
and  the  other  cosposed  of  500  siicron 


nominal  diameter  bonded  glass  beads. 
Cylindrical  samples  manufactured  at 
the  same  tisw  as  the  spherical 
samples  were  also  obtained.  Physical 
properties  such  as  porosity, 

permeability,  and  shear  B»dulua  were 

measured  for  the  cylindrical  samples. 
The  values  obtained  for  the 
cylindrical  saiqples  were  assumed  for 
the  spherical  samples  in  calculating 
the  expected  acoustic  scattering. 
Dnderwatar  acoustic  scattering 

measurements  were  suide  on  the 
spherical  sanplas  as  a  function  of 
angle  and  frequency  in  the  underwater 
acoustic  tanks  at  NPS.  The  range  of 
frequency  covered  was  approxlsMtely 
30  kHz  to  150  kHz.  The  experimental 
results  were  in  rough  order -of - 
Biagnitude  agreeamnt  with  the 
theoretical  predictions,  but  showed 
practically  none  of  the  lobe 

structure  as  a  function  of  angle 
predicted  by  the  theory.  The 
Investigation  continues. 

THESIS  DIRKCTBDs  Huskey,  Ted,  LT, 
"Scattering  of  Underwater  Sound  from 
a  Porous  Solid  Sphere,"  Master's 
Thesis  in  Systems  Technology  (ASM) , 
September  93 . 

DOD  KXT  TBCSSMOLOCTs  Other. 

KKIMORDS :  Underwater  Acoiistlcs , 

Porous  Media  Acoustics,  Biot  Theory, 
T-matrlx. 
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TRAMSDUCKR  BLKMKMT  IMTKRACTKMI  IM  DEMS3LY-Pi^rg»n 
VOLUMETRIC  ACTIVB  SONAR  ARRAYS 
S.R.  Baker,  Associate  Professor 
Departsient  of  Physics 
Sponsor:  Naval  Undersea  Warfare  Center 
Funding:  Naval  Postgraduate  School  and 
Naval  Ihidersea  Warfare  Center 


OBJSCnvSt  Th«  objactiva  is  to 
quantify  tha  limitations  of  nume¬ 
rical  models  of  array  alamant  inter¬ 
action.  This  project  is  a  new 
coapanion  to  a  project  in  which  the 
T-aiatrix  method  is  being  applied  to 
model  low  frequency  active  array 
performance.  The  present  inves¬ 
tigation  involves  laboratory'  ex¬ 
periments  as  wall  as  numerical 
aiodaling. 

SOBOUtT:  BxperlBients  were  conducted 
in  FYSS  by  Prof.  Baker  and  student 
LT  Doug  Cuthbert  using  small  flex¬ 
ural  disk  sonar  transducers  instru¬ 
mented  with  surface  mounted  strain 
gages.  In-air  measurements  were 
made  of  the  surface  normal  velocity 
distribution  over  each  face  of  two 
transducers  using  a  laser  doppler 
vibrometer  and  of  the  surface  strain 
at  the  center  of  each  disk.  Over 
tha  frequency  range  of  interest  it 
was  found  that,  for  these  transdu¬ 
cers,  the  surface  strain  at  the 
center  \miquely  determined  the  sur¬ 
face  normal  velocity  distribution 
over  the  entire  disk.  Xn-water 
measurements  ware  made  of  the  sur¬ 
face  strain  at  the  center  of  each 
face  of  a  pair  of  transducers  while 
only  one  was  driven  for  separation 
distances  of  1/2,  1,  1-1/2,  and  2 
disk  radii. 

Visiting  French  Naval  officer/ 


engineer  CAPT  Jean-Marc  Cortambert 
has  continued  these  studies  following 
LT  Cuthbert' s  graduation.  CXPT 
Cortambert  has  built  a  finite-element 
model  of  the  flexural  disk  transducer 
for  use  with  the  ATXLA  code,  and  has 
used  the  code  to  compute  the  acoustic 
field  for  a  pair  of  such  transducers 
in  close  proximity  to  one  another. 
He  has  also  made  laboratory  measxira- 
ments  to  validate  the  computations. 
His  early  results  were  reported  at  a 
meeting  of  the  Acoustical  Society  of 
America. 

(XHfFBRKHCB  PRXSKHTATIOH:  Cortambert, 
J.-M.  and  Baker,  S.R., 
"Understanding  Coupling  Between 
Flexural  Disk  Transducers  from  Hear 
Field  Measurements,"  Journal  of  the 
Acoustical  Society  of  Aaierica.  Vol . 
94,  No.  3,  Pt.  2,  p.  1832,  1993. 

THBSIS  DIRBCTXD:  Cuthbert,  Douglas 
Lee,  LT  ,  "Experimental  Determination 
of  the  Surface  Displacement  of  a 
Small  Flexural  Disk  Sonar  Transducer 
from  Surface  Strain  Measurements," 
Master  of  Science  Engineer  Acoustic 
euid  Master  of  Science  in  Systemm 
Technology  (ASH) ,  April  93 . 

DOD  KEY  TECHNOLOCT:  Sensors. 

KEXNORDS:  Underwater  Acoustics, 

Sonar,  Array,  and  Active. 
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FIBER  OPTIC  S8HSOR  SYSTKMS 
D.A.  Broim,  Research  Assistant  Professor 
R.  Keollan,  Assistant  Professor 
DepartsMnt  of  Physics 

Sponsor  and  Funding:  Program  Executive  Office,  Undersea  Warfare, 
Advanced  Systems  and  Technology  Office 


OBJBCTXVS:  Th«  goal  of  this  projact 
waa  to  davalop  low  coat  altarnativa 
approaehaa  to  flbar  optic  acouatlc 
aanaor  ayatama  for  hull  nountad 
arraya.  Thia  Includaa  liq>rovamanta 
In  tha  davalopmant  of  accalaratlon 
cancaling  acouatlc  aanaors  and 
daaonatratlon  of  naw  low  coat  high 
dynaad.c  ranga  intarfaromatrlc  damo- 
dulatlon  ayataoka  and  a  naw  multi¬ 
plexing  achama  that  la  compatlbla 
with  3x3  coupler  terminated  flbar 
optic  aanaora. 

SnSMlST:  Na  damonatratad  a  low  coat 
aonar  ayatam  for  aubmarlna  Hide- 
Apartura  Arraya.  Tha  NPS  ayatam  uaaa 
puah-pull  aanaora,  3x3  coupler  baaed 
paaaiva  demodulation,  and  an  asqpll- 
tuda  andulatad  frequency  multiplaxing 
achama.  Wa  damonatratad  a  naw  aoft- 
wara  baaad  daaiodulator  producing 
datactlon  thraaholda  of  0.2f(radA^Hz, 
tha  baat  avar  raportad  in  tha  open 
literature.  Wa  damonatratad  a  soft¬ 
ware  daaiodulator  that  removes  tha 
need  for  most  of  tha  inboard  electro¬ 
nics  naadad  with  other  demodulation 
aehamas  in  addition  to  tha  fiber 
optic  sensors  which  remove  all  of  the 
wet  and  electronics. 

Na  also  analyzed  flow  noise  data  from 
a  test  of  an  NPS  accalaratlon  cance¬ 
ling,  flow  noise  averaging,  hydro¬ 
phone  installed  on  KAMLOOPS,  tha 
Navy's  quarter  scale  submarine  used 
for  "pop-up"  tests  at  Bayviaw,  Idaho. 
Tha  sponsor  also  funded  a  collabo¬ 
rative  research  projact  with  Brown 
tmlvarsity  in  which  the  Principal 
Investigator  studied  tha  theory  and 


fabrication  of  flbar  optic  fused 
blconlcal  couples  and  flbar  optic 
Bragg  gratings.  Tha  naw  fiber  optic 
Bragg  gratings  are  particularly 
interesting  since  they  can  be 
unobtrusively  "written"  into  standard 
telecommunications  fiber  and  than 
used  directly  as  acoustic  sensors  or 
as  narrowband  silrrors  for  multi¬ 
plaxing  applications. 

PUBLICATKBf:  Reid,  O.  and  Brown, 

D.A.,  "Multiplex  Architecture  for  3x3 
Based  Fiber-Optic  Sensors,"  in 
Distributed  and  Multiplexed  Fiber 
Optic  Sensors.  Society  for  Photo - 
Optical  Instrumentation  Knginears 
(SPIB),  p.  2071,  Septaabar  1993. 

CQNFBRBNCR  PRBSKHTATI0«8 :  Brown, 

D.A. ,  "Characterization  of  Visco¬ 
elastic  Materials  Using  the  resonant 
Modes  of  a  Free-Free  Bar,"  Invited 
talk,  published  abstract,  Tha  Journal 
of  the  Acoustical  Society  of  America. 
Vol.  94,  No.  3,  Pt.  2,  Saptambar 
1993. 

Brown,  D.A.,  Netzorg,  O.D.,  White, 
B.,  Kapolka,  D.,  Gardner,  D.L.,  and 
Garrett,  S.L.,  "A  Planar  Bight  Bla- 
ment  Flexural  Disk  Fiber  Optic  Acous¬ 
tic  Sensor,"  published  abstract  in 
The  Journal  of  the  Acoustical  Society 
of  America.  Vol.  95,  Supplement  4, 
125th  meeting,  Ottawa,  May  1993. 

Brown,  D.A.,  "Dual-Usa  Fiber  Optic 
Sensors,"  1993  NUNC  R&D  Symposium  in 
conjunction  with  the  American  Dafansa 
Preparedness  Association,  Undarsaa 
Warfare  Systems  Division,  Confer¬ 
ence,  Newport,  RI,  November  1993. 
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Brown,  D.A.,  Koollan,  R.M.,  Gardner, 
D.L.,  and  Garrett,  S.L.,  "Fiberoptic 
Interferometric  Hydrophones  and  demo¬ 
dulators,”  The  American  Defense  pre¬ 
paredness  Association,  Undersea  War¬ 
fare  Systems  Division,  Conference, 
Monterey,  CA,  May  1993. 

Garrett,  S.L.  and  Brown,  D.A., 
■Themio -Acoustic  Counter  Measures  and 
High  Dynaailc  Range  Hydrophone 
Systems,”  The  Aster  lean  Defense 
Preparedness  Association  -  Undersea 
Warfare  Systems  Division  -  Confer¬ 
ence,  Monterey,  CA,  1993. 

THMSIS  DIRMCRD:  McGinnis,  B.R.,  LT, 
USN,  "Digital  Demodulation  of  an 
Interferometric  Signal,”  Master's 
Thesis  in  Blectrlcal  Engineering  and 
Engineering  Acoustics,  June  1993. 

PAXBR8:  Brown,  D.A.,  "Flextenslonal 
Hydrophone,”  U.S.  Patent  No.  5,  211, 
670,  Issued  18  May  1993. 

Brown,  D.A.,  Hofler,  T.,  and  Garrett, 
S.L.,  "Fiber  Optic  Flexural  Disk 
Accelerometer, "  Patent  filing  fee 
paid,  awaiting  printing  -  December 
1993,  Navy  Casa  73054. 

Hofler,  T.,  Brown,  D.A.,  and  Garrett, 
S.L.,  "Fiber  Optic  Accelerometer  with 
Centrally  Supported  Flexural 
Disk, "Patent  application.  Navy  case 
75845, submitted  1993. 


Brown,  D.A.  and  Jakshau,  O.,  "A 
Mechanical  Device  for  Demonstrating 
Characteristics  of  Interferometric 
Signals,"  subsiitted  June  1993. 

OTHER:  Investigator  has  sufaadtted 
article,  "Tuning  Bragg  Wavelength  by 
Writing  Gratings  on  Pre-Stralned 
Fibers,"  Zhang,  Q.,  Brown,  D.A., 
Reinhard,  L. ,  Morse,  T.F.,  Nang, 
J.Q.,  and  Xiao,  G.,  accepted  for 
publication  to  appear  in  electronic 
Letters.  Papers  in  progress  include: 
"End  Corrections  for  Mass  and 
Stiffness  Loaded  Bars,"  "Dynamic 
Properties  of  Candidate  Standard 
Materials  for  Viscoelastic  Mate¬ 
rials,"  "Measurement  of  the  Elastic 
Properties  of  Polycarbonate,”  and 
technical  reports,  "Multiplexing 
Systems  for  Sonar  Sensors"  and  "Fiber 
Optic  AcceleroBMters  for  Bull 
Arrays . ■ 

DOD  EBT  TECHHOLOGT:  Sensors. 

KBTNORDS:  Fiber  Optic,  Sensors, 
Interferometers,  Demodulators, 
Multiplexing,  and  Hull  Arrays. 
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RKMOTE  SEWSING  OF  THK  KMOSPHgRIC  K-  AMD  F-IAYKRS 
D.D.  Cleary,  Associate  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Naval  Research  Laboratory 


OBJICTIVS:  This  is  an  ongoing 
rasaarch  pro j act  with  tha  objactiva 
of  davaloping  a  sin^la  tachniqua  for 
Biaasuring  global  ionospharic  alactron 
dansitias  from  a  spaca  baaad  plat¬ 
form.  The  short  term  goal  of  this 
project  was  to  obtain  ultraviolet 
spectra  of  the  Earth' s  ionospheric 
dayglow.  The  long  term  objactiva  is 
to  identify  ultraviolet  atmospheric 
emissions  that  can  be  used  to  infer 
alactron  density  profiles  with  tha 
aid  of  photochemical  and  radiative 
transfer  models. 

SnsSERT:  On  19  March  1992,  we 
conducted  the  second  successful 
rocket  flight  of  the  MUSTAHO/HIRAAS 
experiment  from  the  White  Sands 
Missile  Range,  MM.  The  instrument 
package  consisted  of  an  NFS  middle 
ultraviolet  spectrograph  (1800  -  3400 
k) ,  and  an  HRL  extrcuae  ultraviolet 
spectrograph  (500  -  1500  A)  .  UV 
spectra  of  the  Barth' s  ionosphere 
were  obtained  between  100  and  320  km 
on  both  the  upleg  and  downleg 
portions  of  the  flight.  The  purpose 
of  this  experiment  is  to  test  a 
technique  for  ionospheric  remote 
sensing.  Based  on  theoretical 
calculations,  the  ionospheric  elec¬ 
tron  density  can  be  inferred  by 
Bieasurlng  the  natural  ultraviolet 
emissions  from  the  Earth's  thermo¬ 
sphere.  The  electron  density 
predicted  from  these  rocket 
observations  will  be  compared  with 


ground  based  sieasurements  of  the 
electron  density  profile.  During 
this  period  we  will  perform  the 
complete  analysis  of  the  UV  spectra, 
cospare  measured  and  Inferred 
electron  densities  and  prepare  for 
the  3rd  and  final  sounding  rocket 
flight.  In  addition,  we  will  prepare 
the  new  flight  Instrusient  for  the 
ARGOS  satellite. 

PDBUCATIOMS:  Morgan,  H.D.,  Seyoum, 
H.M.,  Fortna,  J.B.,  Humm,  D.C., 
Asfaw,  A.,  and  Cleary,  D.D.,  "Total 
Photoabsorption  Cross  Section  of 
Molecular  Nitrogen  Near  83.4  nm,  ■ 
Journal  of  Geophysics  Research.  Vol . 
98,  p.  7799,  1993. 

Atkinson,  J.D.,  and  Cleary,  D.D.,  "A 
Technique  for  Modeling  Interference 
Patterns  From  Two-Beam  Interfero¬ 
meters,”  accepted  for  publication. 
Computers  in  Physics.  1994. 

CONFXRXHCX  PRNSXHXATIOnS :  Cleary, 
D.D.,  Gnanalingam,  S.,  McCoy,  R.P., 
Dysiond,  K.F.,  and  Bparvler,  F.G., 
"Self -Absorption  of  the  Nitric  Oxide 
Y  Bands,"  American  Geophysical  DPion, 
Fall  Meeting,  1993 . 

IXN>  KEY  TNCHHDD06Y:  Environmental 
Effects. 

KKYNORDS:  Ionospheric  Physics, 
Ultraviolet  Spectroscopy. 
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F  ^^UlATIOHS  OF  THE  NOHLIMKMt 
IMB  lEMKOPS  WHISTLgR  IHTBRACTIOM 
wr.B.  Colson*  Professor 
Depertaent  of  Physics 

Sponsor  end  Funding:  Office  of  Naval  Research 


OBJSCnvS:  Continuation  of  tha  dav- 
lopaant  of  a  naw  simulation  for  tha 
study  of  tha  amplification  of  Whis- 
tlar  Navas  in  tha  Barth's  aiagnato- 
phara . 

BOMMBRTt  Nhlatlar  Navas  may  ba  am- 
plifiad  by  a  distribution  anargatic 
alactrons  spiraling  along  magnatic 
flald  linas  naar  tha  gaomagnatic 
aquator.  Natural  whlatlara  oftan  do- 
sdnata  tha  VLF  noiaa  spactrum  in  tha 
polar  ragions  and  limit  ovar-tha- 
horison  eoaanmications .  Tha  slmi- 
larltlas  batwaan  fraa  alactron  laaars 
and  whlatlara  hava  raaultad  in  tha 
formulation  of  savaral  scaling  rala- 
tionahlpa  that  wars  not  praviously 
known  for  Nhlatlar  Navas.  Aiqpara's 
and  Faraday's  Laws  ara  combinad  to 
form  a  naw  thaory  dascribing  tha  av* 
olution  of  tha  cosqplax  optical  ala- 
trlc  and  aiagnatic  fialds  with  arbi¬ 
trary  aaq>litudaa  and  phasas.  Tradi¬ 
tional  whlstlar  anqpllfication  thaory 
has  startad  from  Naxwall's  wava  aqua¬ 
tion  assusUng  tha  optical  alactric 
and  aiagnatic  fialds  ara  aqual  in 
aaqtlituda  and  orthogonal.  A  naw 
thaory  is  davalopad  that  shows  how 
tha  optical  fialds  raaiain  aqual  and 
orthogonal  in  tha  prasancas  of  avan 
tha  most  Intansa  driving  currants. 

FOBLICBnOMS:  Colson,  N.B.,  "Aapli- 
flcatlon  of  tha  Optical  Blactric  and 
Magnatic  Fialds  Dascrlbad  by  Anqiara's 
and  Faraday's  Laws”,  accaptad  by  Nu- 


claar  instrumants  and  Mathods  in 
Physics  Rasaarch.  1993. 

Colson,  N.B.,  Oataly,  B.,  Caudla.  D. 
L.,  and  Sturgass,  K.,  "Analoglas 
Batwaan  tha  Fraa  Blactron  Lasar  and 
Nhlatlar  Moda  Amplification  in  tha 
Magna tosphara ,  ”  Nuclaar  InttritTl^T 
and  Mathods  in  Physics  Rasaarch.  Vol. 
A331,  pp.  522,  1993. 

^  aXHCK  PKBSBMTATXOMBt  Colson,  N. 
lalogias  Batwaan  tha  Fraa  Blae- 
X..  C<isar  and  Nhlatlar  Moda  Amplifi¬ 
cation,  *  Stanford  Onlvarsity  Radio 
Scianca  Saminar,  Stanford,  CA,  17 
Fabruary  '•.994. 

Colson,  N.B.,  "Aa^llfl^ation  of  tha 
Optical  Blacti..^c  vtf  Magnetic  Fialds 
Dascrlbad  by  Ampara's  Faraday's 

Law,  ”  Fif  taanth  Intamational  Fraa 
Blactron  Lasar  Confaronca,  Tha  Bagua, 
Tha  Netherlands,  August  1993. 

THBSBS  DIRBCTBD:  Sturgass,  Kaith  A. , 
LT,  USN,  "A  Study  of  tha  Amplifica¬ 
tion  of  Laser  and  VLF  Navas  Using  a 
Slnqile  Pendulum  Modal,”  Ph.D. 
Dissertation  in  Physics,  1993. 

DOD  BBT  TBCHHOLOOFi  Comaninlcatlons 
Networking,  Bnvironmantal  Bf facts. 
Other . 

KBTNORDS:  Nhlatlar  Navas,  Magneto¬ 

sphere.  Ampere's  Law,  and  Faraday's 
Law. 
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SHIPBOAPn  FPTO  KT.KCTRON  LASERS 
W.B.  Colson,  Professor 
Depsrtaent  of  Physics 

Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJKTXVBx  R*s*areh  la  dlractad 
toward  tha  taehnology  required  for  a 
Shipboard  Free  Blactron  Laser  weapon 
system. 

SUMOUnr:  The  study  of  the  proposed 
experiment  in  Novosibirsk,  Russia  for 
the  SBLBMB  High  Power  Free  Electron 
Laser  (FBL) ,  at  tha  Naval  Air  Warfare 
Center,  China  Lake,  CA  is  relevant 
because  the  accelerator  technology 
provides  tha  possibility  for  high- 
average  power,  and  high  wall -plug 
efficiency.  Tha  electron  beam  is 
recirculated  several  times  through  a 
compact  the  accelerator  cavities  to 
reduce  FBL  size  and  increase  wall- 
plug  efficiency. 

PPBLICATIOWS;  Wallace,  S.M.,  Colson, 
W.B.,  Neil,  Q.R.,  and  Harwood,  L., 
"Magnetic  Field  Error  Measurement  of 
the  CBBAF  (NIST)  Higgler  Using  the 
Pulsed  Wire  Method, "  Nuclear  Instru¬ 
ments  and  Methods  in  Physics 
Research.  Vol.  A331,  pp.  759,  1993. 

Blau,  J.,  Frost,  D.J.,  and  Colson, 
W.B.,  "Asiplif ication  of  Short  Optical 
Pulses  in  the  Boeing  APLE  Aiiq>llfler, " 
Nuclear  Inetr^n««in^««  and  Methods  in 
Physical  Research.  Vol.  A331,  pp. 
645,  1993. 

Blau,  J.,  Wong,  R.K.,  Quick,  D.,  and 
Colson,  W.B.,  "Three  Dimensional 
Simulations  of  the  Novoslbirsk/SBLENB 
FBL,  "  accepted  by  Nuclear  Instruments 
and  Methods  in  Physics  Research. 


COMFERBNCB  PRESEMTATiaMS t  Blau,  J., 
Wong,  R.K.,  Quick,  D.,  and  Colson, 
W.B.,  "Three  Dlswnslonal  Simulations 
of  the  Novosibirsk/SBLBNB  FBL," 
Fifteenth  International  Free  Electron 
Laser  Conference,  The  Hague,  The 
Netherlands,  August  1993. 

Wong,  R.K.  and  Colson,  W.B., 
"Transverse  Mode  Effects  in  Free 
Electron  Laser  Oscillators," 
presented  at  the  SPIE  OE/LASE  '  94 
Gas,  Metal  Vapor,  and  Free  Electron 
Laser  and  Applications  Conference, 
Los  Angeles,  CA,  26  January  1994. 

Quick,  D.,  Blau,  J. ,  Wong,  R.  K.,  and 
Colson,  W.B.,  "Phase  Space 
Simulations  of  the  Novoslbirsk/SELENE 
FBL,"  accepted  by  SPIE  OE/LASE  '94 
Gas,  Metal  Vapor  and  Free  Electron 
Laser  and  Applications  Conference, 
Los  Angeles,  CA,  26  January  1994. 

THESES  DIRECTED:  Sturgess,  Keith, 
A.,  LT,  DSN,  "A  Study  of  the 
Anq>lification  of  Laser  and  VLF  Waves 
Using  a  Single  Pendulum  Model,"  Ph.D. 
Dissertation  in  Physics,  1993. 

DOD  KEY  TBCHM0L06T:  Propulsion  and 
Energy  Conversion,  Other. 

KEYWORDS:  Free  Electron  Lasers,  Ship 
Defense,  and  High  Energy  Laser. 
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nwm  KT.RPTTinw  lASKR  FOR  SHIP  DEFKMSg 
N.B.  Colaon,  Professor 
Depsrtaent  of  Physics 

Sponsor  end  Funding:  Office  of  Navel  Research 


OBtlBCTXVK:  Research  on  high  power 

Pr««  Sloctron  hMmmrm  i«  used  aa  a 
basis  for  davaloping  a  shipboard  Fraa 
■laetron  Laser  Weapon  System. 

SOBBUirx  The  proposed  experiment  for 
the  SILXNI  high  power  Free  Blectron 
Laser  (FXL) ,  at  the  Naval  Air  Warfare 
Center,  China  Lake,  CA,  is  driven  by 
an  RF  accelerator  that  recirculates 
the  electrons  through  the  accelerator 
in  order  to  reduce  size  and  increase 
efficiency.  The  undulator  is  design¬ 
ed  as  an  FSL  klystron  in  order  to  re¬ 
duce  the  optical  po«rer  on  the  resona¬ 
tor  mirrors.  The  klystron  is  follow¬ 
ed  by  a  high  power  radiator  the 
starts  from  the  enhance  spontaneous 
emission  from  the  bunched  electron 
pulses . 

PflRLTCATlOWS :  Sturgess,  K.A.,  LT, 

USN,  Frost,  J.,  and  Colson  W.B., 
"Short  Pulse  Evolution  in  the  Boeing 
APLI  Oscillator,  ■  Nuclear  Instruments 
and  Methods  in  Physics  Research.  Vol. 
A331,  pp.  650,  1993. 

Quick,  r,,  Blau,  J.,  Wong,  R.K.,  and 
Colson,  W.B.,  "Phase  Space  Simula¬ 
tions  of  Blectrons  Bunching  and  Power 
Output  in  the  Novosibirsk/SBLBNB 
FBL,  "  accepted  by  Nuclear  Instruments 
Mahhods  in  Physics  Research. 

Wong,  R.K.,  Clark,  D.,  and  Colson,  W. 
B.,  "Multi-pass  Transverse  Mode  Ef¬ 
fects  in  Free  Blectron  Laser , " 
accepted  by  Nuclear  Instruments  and 


Methods  in  Physics  Research. 

Hall,  J.,  Wong,  R.K.,  Blau,  J. ,  and 
Colson,  W.B.,  "Simulations  of  the 
SLAC  X  Ray  Fraa  Blectron  Lasers," 
accepted  by  and  SPXB  0B/LA8B  '94  Oas, 
Metal  Vapor,  and  Free  Blectron  Laser 
and  Applications  Conference,  Los 
Angelas,  CA,  26  January  1994. 

COMFKRBHCB  PRBSBHTATZCHni  Quick,  D., 
Blau,  J.,  Wong,  R.K.,  and  Colson,  W. 
B.,  "Phase  Space  Simulations  of  Blec¬ 
trons  Bunching  and  Power  Output  in 
the  Novosibirsk/SBLBNB  FBL,  "  Fifteen¬ 
th  International  Free  Blectron  Laser 
Conference,  The  Hague,  The  Nether¬ 
lands,  August  1993. 

Hall,  J.,  Wong,  R.K.,  Blau,  J.,  and 
Colson,  W.B.,  "Simulations  of  the 
SLAC  X  Ray  Free  Blectron  Laser, "  pre¬ 
sented  at  the  SPIB  OB/LA8B  '94  Oas, 
Metal  Vapor,  and  Free  Blectron  Laser 
and  Applications  Conference,  Los 
Angeles,  CA,  26  January  1994. 

THBSBS  DIRBCTBDt  Sturgsss,  K.A. ,  "A 
Study  of  the  Amplification  of  Laser 
and  VLF  Waves  Using  a  Simple  Pendulum 
Model,"  Ph.D.  Dissertation  in  Physics 
1993. 

DOD  BBT  TBOBMOLOOr:  Propulsion  and 
Energy  Conversion. 

BBTWORDS:  Free  Electron  Lasers,  Ship 
Defense,  and  High  Energy  Laser. 
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PHALANX  GDN  DISPERSION  STUDY 
N.B.  Colson,  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Naval  Surface  Warfare  Center,  Dahlgran 


OBJICTXVBx  Th«  nmwrlcal  analysis  of 
tho  PHAZiANZ  Gun  shows  how  siachanlcal 
oscillations  can  contribute  to  the 
dispersion. 

SOMIAn'x  A  numerical  analysis  of  the 
modes  of  oscillation  of  tho  PHALANX 
Gun  shows  that  the  observed  disper¬ 
sion  can  be  attributed  to  the  flexing 
of  the  rotating  six-barrel  system  in 
its  breech.  This  research  provides 
the  first  nuBierical  finite-element 
model  of  the  PHALANX  Gun.  The  model 
includes  the  six-barrels  with  brack¬ 
ets,  the  breech,  and  bearings  that 
hold  the  rotating  six-barrel  system. 
Measurements  of  the  frequency  spec¬ 
trum  of  a  single  barrel  show  agree¬ 
ment  with  a  nusierlcal  model  of  a 
single  barrel.  The  complete  model  of 
the  six-barrel  system  and  breech  is 
then  driven  by  isqiulses  corresponding 
to  the  firing  of  bullets  75  Hz  on  the 
top  barrel  of  the  six-barrel  system. 
Damping  is  provided  by  two  recoil 
adapters  supporting  the  lower  portion 
of  the  gun  breech.  Upon  firing,  the 
ntoMrical  model  is  observed  to  set 
back  by  about  1  cm  duo  to  recoil,  in 
agreement  with  the  actual  gun,  and 


oscillations  of  tho  gxm  barrel  tips 
are  observed.  The  oscillations  of 
the  barrel  tips  are  at  about  15  Hs 
frequency  with  about  3  mm  displace¬ 
ment.  This  is  sufficient  to  explain 
the  observed  dispersion  in  a  firing 
PHALANX  Gun.  This  success  of  this 
modeling  effort  stimulated  indxistry 
to  development  a  similar  finite- 
element  model  to  analyse  the 
mechanical  vibrations  of  the  gun. 

THESES  DIRECTED:  MacNell,  D.P.,  LT, 
DSN,  "Normal  Modes  of  Oscillation  of 
the  VDLCAN  PHALANX  Close-In  Weapon 
System,"  Master's  Thesis  in  Physics, 
1993,  Advisors:  Colson,  N.B.,  and 
Gordis,  J.  H. 

Peterschmidt,  J.C.,  LT,  USM,  ■  Nor¬ 
mal  Modes  of  Vibration  of  the  PHALANX 
Guns,"  Master's  Thesis  in  Physics. 

DOD  KEY  TECENDLOOTt  Design 
Automation,  Other. 

KEZWORDS:  PHALANX  Gun,  Ship  Defense, 
and  Finite -Blesiant  Model. 
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W^VBLHIIGTH  CCttiTROI.  OF  FRgg  T#mg 

W.B.  Colson,  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Stanford  Dhlverslty  High  Pt^ics  Laboratory 


OBJSCTIVK:  Research  studies  the  con¬ 
trol  of  the  iTree  Electron  Laser  Wave¬ 
length  by  means  of  feedback  on  the 
electron  beam  energy. 

SnwntBT;  The  Free  Electron  Laser 
FEL  is  continuously  tiinable  over  a 
wider  range  of  wavelengths  than  any 
other  laser  of  any  kind.  The  FEL 
optical  wavelength  is  inversely 
proportional  to  the  square  of  the 
energy  of  the  relativistic  electron 
beam.  The  experimenters  at  the 
Stanford  University  High  Energy 
Physics  Laboratory  use  an  FEL  driven 
by  short  electron  pulses  from  a 
superconducting  linear  accelerator 
for  medical  research.  They  use  a 
feedback  control  system  to  modify  the 
electron  beam  energy  in  order  to 
stabilize  the  optical  wavelength.  We 
have  developed  simulations  of  the 
Stanford  FEL,  in  order  to  better 
vmderstand  how  the  optical  pulse 
changes  its  frequency  and  to  es¬ 
tablish  the  imitations  of  this  method 
of  wavelength  control. 


POBLICETIOWi  Plnkley,  W.R., 
Wilkenson,  W. ,  Wong,  R.K.,  Blau,  J., 
and  Colson,  W.B.,  "Resonant  Wave¬ 
length  Modulation  in  a  Free  Electron 
Laser,"  accepted  by  Muclear  Inetru- 
Bwnts  and  Methods  in  Phveiea  Re¬ 
search. 

CCMF8RBMCB  PRBSIMXBTiait  Plnkley, 
W.R.,  Wilkenson,  W.,  Wong,  R.K., 
Blau,  J.,  and  Colson,  W.B.,  "Reson¬ 
ant  Wavelength  Modulation  in  a  Free 
Electron  Laser, "  Fifteenth  Interna¬ 
tional  Free  Electron  Laser  Confer¬ 
ence,  The  Hague,  The  Netherlands, 
August  1993 . 

TBBSX8  DIRBCnD:  Wilkenson,  W.P., 
LT,  USM,  "A  Theory  for  Optical  Wave¬ 
length  Control  in  Free  Electron  Laser 
Oaclllators, "  Master's  Thesis  in 
Physics,  1993. 

xxr  TICBMOLOCnr  ARBA:  Software, 
Electronic  Devices ,  Other . 

KBXWDRDS:  Free  Electron  Laser,  Wave¬ 
length  Control,  and  Cos^uters. 
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POWER  BKAMHIG  to  space  SATgT.T.TTgg 


WITH  FREE  EI.EgTRON  LASERS 
H.B.  Colson,  Professor 
Departaent  of  Physics 

Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJBCTZVBSs  N*  avaluat*  the  use  of  a 
Free  Blectron  Laser  to  beam  power  to 
satellites  and  rockets  in  space. 

SOBARTt  The  Free  Blectron  Laser  FBL 
is  proposed  by  NASA  to  beam  optical 
power  to  satellites  and  rockets  in 
space.  The  SBLBNB  FBL  is  follows  a 
design  proposed  by  scientists  in 
Novosibirsk.  Russia.  The  SELENE  FEL 
design  calls  for  a  high  power  single¬ 
pass  radiator.  We  are  collaborating 
with  the  SLAG  researchers  on  the 
simulation  of  the  X-ray  FEL  which 
also  uses  a  single -pass  radiator.  We 
are  simulating  both  of  these  FELs  and 
offering  modifications  for  better 
performance . 

FOBLICATXaKS:  Quick,  D.D.,  Blau,  J., 
Wong,  R.K.,  and  Colson,  W.B.,  "Phase 
space  Simulations  of  the  Novosl- 
blrsk/SBLBNB  FBL, "  accepted  by  SPXE 
OB/LASB  '94  Gas,  Metal  Vapor,  and 


Free  Electron  Laser  and  J4>plicatlons 
Conference,  Los  Angeles,  CA.,  26 
January  1994. 

Wong,  R.K.,  and  Colson,  N.B., 
"Transverse  Mode  Effects  in  Free 
Electron  Laser  Oscillators,  "  accepted 
by  SPXE  OE/LASB  '94  Gas,  Metal  Vapor, 
and  Free  Electron  Laser  and  J^ppllca- 
tions  Conference,  Los  Angeles,  CA  26 
January  1994. 

CONFERKHCB  PRBSBHTATXOMx  Colson,  W. 
B.,  "The  Amplification  of  Optical 
Electric  euid  Magnetic  Fields,"  Free 
Electron  Laser  Seminar,  FORM  Insti¬ 
tute  voor  Plasmafyslca,  Rijnhulsen, 
The  Netherlands,  17  August  1993. 

DOD  KKT  TBCHHOIaOOT:  Computers, 
Electronic  Devices,  Other. 

KBXWORDS:  Free  Blectron  Laser,  High 
Energy  Laser,  and  Space  Beam  Beaadng. 
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MACIT  nmtAMD  SEARCH  AMD  TARGET  DKSlGjgjTTnilg 

A.W.  Cooper,  Professor 
N.J.  Lents,  Research  Associate 
B.C.  Crittenden,  Jr.,  Distinguished  Professor 
B.A.  Milne,  Associate  Professor 
Department  of  Physics 

Sponsor:  Naval  Sea  Systems  Cosmand  PBO-SSD 
Funding:  HAVSBA  PBO-SSD  and  Naval  Postgraduate  School  DFR 


OBJBCTXVSt  To  ovaluat*  axparimantally 
tha  applicability  to  InfraRad  Saareh 
and  Targat  Daslgnatlon  (IRSTD) 
Syataaa  of  paaalva  ranging  to  horizon 
targata  by  application  of  siaulta- 
naoua  algnatura  aaasuramant  in  tha 
Rad  Splka  and  Blua  Splka  apactral 
ragiona,  and  to  avaluata  laaar  radar 
aa  an  adjunct  to  tha  IRSTD.  Thia  ia  a 
continuing  anilti-yaar  projact, 
aupportad  by  tha  Naval  Surfaca 
Blactro-Optlca  Projact  Offlca. 

sasautr:  Tha  MPS  IRST  (modi  f  lad 
Advancad  Danonatratlon  Modal  of  tha 
AN/SAR-8  IRSTD) ,  haa  pravloualy  bean 
aodlflad  for  background  analyaia  on  a 
daaktop  computer.  PT93  aiqphaala  haa 
baan  on  evaluation  of  paaalva  ranging 
low-flying  targata  ualng  Intanaity 
ratio  in  narrow  wavabanda  ("Red"  and 
"Blua"  Spikea)  in  tha  wlnga  of  tha 
4.3  fim  CO3  atmoapharic  abaorptlon. 
Ratio  va  range  haa  baan  conqputed 
uaing  new  high  raaolution  propagation 
codaa  (HITRANPC  and  PCIaTRAN3P) ,  and 
amblguitiaa  in  optimization  of  filter 
banda  have  baan  identified.  Initial 
axparimnta  are  planned  with  a  sta¬ 
tionary  infrared  aource  using  the 
portable  AMBKR  AB-4128  focal  plana 
array  camera.  Filters  have  been 
spaclfiad  and  purchased  for  room 
tamparature  operation  axtarnal  to  tha 
camera.  Tha  Asiber  128x128  pixel  InSb 
focal  plana  array  camera  recently 
racalvad  has  been  modified  with  an 
external  a»untlng  for  rapid  filter 
changing.  Initial  axparimantal  veri¬ 
fication  of  range  estimates  will  be 
made  using  this  system  whose  12  bit 


dynamic  range,  variable  frame  rata 
and  convenient  size  Mka  it  suitable 
for  evaluation  of  techniqua.  An  aye- 
safe  lidar  based  on  a  MdiYAO 
frequency  doubled  laser  at  532  nm 
wavelength  with  eighteen  inch  output 
beam  expansion  optics  has  baan  built 
for  cloud  and  targat  ranging  and 
atsiospheric  transmission  analysis  in 
conjunction  with  tha  IRST.  Perfor¬ 
mance  has  been  verified  by  ranging  to 
ground  fog  at  3800m  and  to  clouds  at 
ranges  up  to  1400m  at  night.  Photon 
counting  will  bo  investigated  for 
increased  range  and  Rasmn  scattering 
to  provide  additional  infonzatlon. 

THKSKS  DIRKCTID:  Ragush,  M.M. ,  MAJ, 
CAP,  "Development  of  a  LIDAR  for 
Integration  with  tha  Naval 
Postgraduate  School  Infrared  Search 
and  Target  Designation  (NPS-IRSTD) 
System,"  Master's  Thesis  in 
Electrical  Engineering,  June  1993. 

Dick,  J.H.,  LT,  USN,  "Analysis  of 
Two-Color  Passive  Infrared  Ranging 
Utilizing  the  AMBER  AB-4128  Infrarod 
Camera  System,"  Master's  Thesis  in 
Physics,  December  1993. 

OTHER:  Lentz,  N.J.,  Cooper,  A.W., 
and  Regush,  M.M.,  "Improved  Klatt 
Lidar  Inversion  Techniques,"  accaptod 
for  presentation  at  the  SPIB 
Conference  Atmospheric  Propagation 
and  Remote  Sensing  III,  Orlando,  FL, 
1994,  and  pxiblicatlon  in  SPII 
Proceedings . 
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DOO  nr  TSCBMOLOGY:  Sensors, 
■nvlroiuMntal  Effects.  Electronic 
Devices . 


KmiOKDS:  Atmospheric  Optics, 

Infrared  Sensors ,  LXDAR . 


DIFRAllgP  TKCHHOLOGY  SUPPORT  TO  THE  AEGIS  PROGRAM 
A.W.  Cooper,  Professor 
P.L.  Walker,  Research  Physicist 
W.J.  Lentz,  Research  Associate 
Department  o£  Physics 
R.J.  Pieper,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sprasor  and  Funding:  Johns  Hopkins  University,  Applied  Physics 

Laboratory 


OBJECTIVE:  To  evaluate  the  perfor- 
mance  improvement  to  be  gained  by 
incorporation  of  IRST  in  the  AEGIS 
combat  system  and  to  provide  support 
to  the  AEGIS  program  office  in  the 
area  of  Cost  and  Operational  Effec¬ 
tiveness  Analysis. 

nnSSmiT;  This  program  was  initiated 
in  Quarter  4  of  FY93  and  continued 
through  Quarter  1  of  FY94.  Evalua¬ 
tions  have  been  made  of  possible 
locations  for  one  or  more  IRST  scan¬ 
ners  on  the  AEGIS  CG-47  and  DDG-51 
platforms.  Elevation  edsove  sea  level, 
maximum  range  to  horizon,  geometri¬ 
cally  maximum  detection  range,  and 
possible  baselines  for  triangulation 
were  estimated  for  these  sensor  loca¬ 
tions  on  these  two  platforms.  A  pre¬ 
liminary  analysis  of  single  baseline 
and  double  baseline  triangulation 
methods  of  passive  range  estimation 
has  also  been  carried  out  and  will  be 
applied  to  the  sensor  locations  iden¬ 
tified.  In  support  of  this  program 
measwements  of  polarization  contrast 
improvement  in  infrared  Imaging  were 
made  in  the  MAPTIP  NATO  measurement 
exercise  held  off  the  coast  of  the 
Netherlands  in  October  and  November 
1993.  Over  3500  Images  in  horizontal 
and  vertical  polarized  pairs  were 


obtained  in  the  3-5  and  8-12  fm 
wavebands  using  the  dual  band  AGA-TSO 
Thermal  Imager  with  polarization 
analyzer.  These  will  be  analyzed 
during  the  coming  year.  Preliminary 
examination  shows  clear  target- 
background  contrast  iz^rovazwnt  by 
polarization  filtering,  particularly 
in  the  LWIR  band.  This  is  attributed 
to  significant  eoiission  polarisation 
of  thermal  radiation  from  the  sea 
surface  at  near  grazing  angles. 

THESIS  DIRECTED:  Chan,  P.N., 
"Experimental  Investigation  of 
Infrared  Polarization  Effects  in 
Target  and  Background  Discrimina¬ 
tion,  ”  Master's  Thesis  in  Electri¬ 
cal  Engineering,  December  1993. 

OTHER:  Cooper,  A.N.,  Lentz,  W.J. 
and  Chan,  P.N. ,  "Infrared  Polariza¬ 
tion  Measurements  of  Ship  Signatures 
and  Background  Contrast,"  accepted 
for  presentation  at  SPIE  Conference 
on  Characterization,  Propagation  and 
Simulation  of  Sources  and  Backgrounds 
IV,  Orlando  1994,  and  publication  in 
SPIE  Proceedings. 

Technotes  delivered  to  JHU/APL;  to 
appear  as  NPS  Technical  Reports: 
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R.J.  and  Cooper,  A.N.,  "A 
Trlengulatlon  Method  for  Peeelve 
Kanglag, *  Technote  MACIT-94-1, 
HoveiMber  1993. 

Dlek,  J.R.  end  Cooper,  A.N.,  "Passive 
Infrared  Sensor  Integration  in  ca-47 
and  IM>0-51  Class  Ships  for  Low  Pliar 
Defense,"  Technote  KACIT-94-2, 
Moveaber  1993. 

Cooper,  A.W.,  Chan,  P.M.,  and  Lentz, 
N.J.,  "NFS  Participation  in  NAPTIP 
laeperiaant, "  Technote  MACIT-94-3, 
MOveaber  1993. 

DOO  WXt  TaCHMOLOOT:  Sensors, 
Knvlronaental  Effects,  Blectronlc 
Devices . 

EMSMOMDSt  Ata»spherlc  Optics, 
Infrared  Sensors ,  IRST . 
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STRIKE  WARFARE  SUPPORT 
A.W.  Cooper,  Professor 
E.A.  Milne,  Associate  Professor 
M.J.  Lentz,  Research  Associate 
P.L.  Walker,  Research  Physicist 
Department  of  Physics 
R.J.  Pieper,  Associate  Professor 
Department  of  Electrical  and  Computer  Engineering 
Sponsor  and  Funding:  Naval  Research  Laboratory,  Mbnterey 

Detachment 


OBJECTXVS:  To  provide  experimentation 
support  to  the  measurement  and  pre¬ 
diction  of  FLIR  detection  ranges  for 
validation  and  Isprovement  of  the 
current  Blectro-Optical  Tactical 
Decision  Aid  (EOTDA)  code  for  opera¬ 
tional  FLIR  performance  prediction. 

SPIURT;  This  Is  a  continuation  of  a 
program  carried  out  cooperatively 
with  HRL  Monterey  to  evaluate  FLIR 
Tactical  Decision  Aid  codes  by 
comparison  of  code  predictions  of 
detection  range  with  observations 
from  operational  naval  aircraft, 
using  the  R/V  POIHT  SUR  as  an  Instru¬ 
mented  target.  This  measurement 
period  was  devoted  to  the  EOTDA 
recently  adapted  for  naval  use. 
Measurements  were  performed  in  con- 
jxmctlon  with  the  VOCAR  meteorolo¬ 
gical  cruise  of  the  POINT  SUR  to 
Southern  California  In  the  period  23 
to  31  August  1993.  A  set  of  fourteen 
therailstors  was  installed  to  sample 
the  skin  temperature  of  the  POINT  SUR 
for  the  duration  of  the  cruise. 
Overflights  by  FLIR-carrying  air¬ 
craft  ware  coordinated  by  NRL. 
Meteorological  data  gathered  by  NPS 


Environmental  Physics  Oroup  will  be 
coordinated  with  the  skin  temperature 
data  for  evaluation  of  EOTDA  predic¬ 
tions.  Polarization- filtered  radio- 
metric  images  of  the  R/V  POINT  SUR 
were  taken  using  an  shore-based  3-5 
lim  AGA  Thermovision  system  from  shore 
in  Monterey  Bay  during  the  initial 
cruise  day.  The  vertically  and  hori¬ 
zontally  polarized  pairs  of  lamges 
will  be  analyzed  for  degree  of  pola¬ 
rization  in  ship  signature  features 
and  sea  backgrowd,  to  evaluate  tar¬ 
get  discrimination  improvement  by 
polarization  filtering. 

OTHER:  Pieper,  R.J.  and  Cooper, 
A.N.,  "A  Visibility  Model  for  MRTD 
Prediction, ”  accepted  for  presenta¬ 
tion  at  the  SPIB  Conference  on  Infra¬ 
red  Systems  Analysi i  and  Testing  V, 
Orlando,  1994,  and  publication  in 
SPIE  Proceedings. 

DOD  KET  TBCHNOLOGT  AREA:  Ssnsors, 
Electronic  Devices,  EnvlronsMntal 
Effects . 

KEYNORDS:  Tactical  Decision  Aids, 
FLIR  Performance. 
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FLIR  PgRFOiatMICK  PRBDICTIOW  CODE  VALIDATIOW  SX7PPORT 
A.W.  Cooper,  Professor 

B.C.  Crittenden,  Jr.,  Distinguished  Professor 
B.A.  Milne,  Associate  Professor 
P.L.  Walker,  Research  Physicist 
W.J.  Lents,  Research  Associate 
Department  of  Physics 

Sponsor  and  Funding:  Naval  Cossiand  Control  and  Ocean  Surveillance 

Center,  R6D  Division,  (NRaD) 


OSJBCTXVB:  To  ovaluat*  and  inprova 
tha  accuracy  of  nodaling  of  ship 
Infrarod  aignatura  and  atmospharlc 
path  Bodlfication  of  targat  contrast 
for  Inclusion  in  Tactical  Oacision 
Aid  codas  for  FLIR  ranga  parformanca, 
by  coaparison  of  aiodal  pradiction 
with  SMasurasMnts  nado  during  tha 
FRIOS92  cruisa  of  tha  R/V  POINT  SUR. 
This  is  a  cooparativa  program  with 
NRaD. 

SnSOkKT:  This  projact  constitutas  tha 
analysis  phasa  of  tha  PRBOS92 
axparimant,  organisad  by  MACIT  at  NFS 
in  conjunction  with  NRaD,  utilizing 
tha  R/V  POINT  SOR  as  an  instrumantod 
targat  for  PLIR  ranga  maasuramants . 
Tha  NFS  analysis  in  FY93  has  baan 
concontratad  on  tha  coaqparison  of 
concurront  ship  aignatura  tanqparatura 
valuas  obtalnad  ramotoly  with  air  and 
land  basad  radlomatric  Infrarad 

IsMgars  and  locally  with  an  array  of 
thamdstors  and  a  hand-hold 

radloBMtar.  A  Pipor  Navajo  aircraft 

oparatad  by  NRaD  carrlad  an  AGA-780 
ThorBOvlslon  infrarad  Imagar  and 
ataK>spharlc  profiling  aquipmant. 
During  tha  first  day  of  tha 

oxporisMnt  concurront  radlomatric 
tharmal  Isuigas  wora  rocordad  at 
ccoparabla  rangos  with  tha  NRaD  AGA 
and  tha  similar  NPS  shora -basad  AGA 
systam.  Coeparison  pairs  of  shora- 
basad  and  air-bomo  liaaga  filas  of 
similar  aspoct,  tlmo  and  ranga  hava 
baan  analysad.  Tha  avarago  Targat 
Background  Tasparatura  Difforonca 
(TBTD)  has  boon  conputad  from  tha 


radlomatric  istagas  cospansatod  for 
atmospharlc  path  using  modlfiad 
LONTRAN  transfflittanca  and  path 
radiance.  TBTD  diffarancos  in  tha 
ranga  of  0.5  dagraas  hava  baan  found 
between  air  and  land  basad  maasura- 
mant.  For  more  datallad  evaluation  of 
the  atmospheric  cospansatlon  algo¬ 
rithm,  ship  skin  transistor  taepara- 
tura  valuas  have  boon  cosparad  with 
radlomatric  values  read  froai  iauiga 
pixels  selected  to  match  tha  transis¬ 
tor  locations,  coopansatad  for  path. 
Variability  in  computed  radiceatric 
tenperature  is  attributed  to  subjec¬ 
tivity  of  selection  of  pixel  corres¬ 
ponding  to  transistor  location.  Coai- 
parison  of  hand-held  radloamtar  with 
transistor  taaparaturas  shows  vary 
close  agreement. 

TBXSIS  DIRBCTKD:  Kraits,  J.C.,  LT, 
DSN,  "Preliminary  evaluation  of  tha 
PRBOS  Program  for  Datarsdning  Detec¬ 
tion  Ranges  of  Airborne  FLIR  Sys¬ 
tems,"  Master's  Thesis,  Dacambar 
1992. 

OTHER:  Comprehensive  report  to  be 
published  in  FY94  . 

DOD  KBY  TBCHHOLOOr  ASXAt  Sensors, 
Bnvironmental  Bffacts,  Blactronic 
Devices. 

KBYWORDS:  Atstospharlc  Optics, 
Infrared  Sensors,  FLIR  Parformanca 
Models. 
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OBJBCTIVB:  The  objectives  of  this 
research  are  to  develop  and  to 
evaluate  the  performance 
characteristics  of  a  new  generation 
of  fully  multiplexed  Imaging  and 
multispectral  Imaging  devices. 

SUmORT:  The  new  generation  of 
devices  will  work  at  long  (far 
infrared  -  millimeter)  wavelengths, 
where  efficient  focal  plane  array 
detector  technology  is  either  not 
available  or  cannot  be  developed  for 
practical  reasons .  The  new 
instruments  are  based  upon  a  novel 
scheme  in  which  multiplexing  is 
achieved  by  means  of  optically 
generated  Kronecker  products,  rather 
than  by  traditional  (Radamard,  cyclic 
redundancy,  etc.)  mask  encoding 
approaches.  This  scheme  is 
inherently  less  conqplex  than 
traditional  approaches,  and  it 
requires  only  a  pair  of  discrete  (as 
opposed  to  focal  plan  array) 
detectors  for  its  is^lementatlon . 


PDBZ.ICJiTI(»l:  Davis,  D.S., 
"Multiplexed  luging  by  Means  of 
Optically-generated  Kronecker 
Products:  1.  The  Basic  Concept," 
Applied  Optics.  Vol.  33,  1994,  in 
press . 

PATBMT:  Davis,  D.S.,  "An  Efficient 
and  Versatile  Method  and  Apparatus 
for  Multiplexed  Imaging  Using 
Optically  Oenerated  Kronecker 
Products,"  Navy  Case  Mo.  74667;  PTO 
Serial  Ho.  07/973099  (pending) . 

DOD  KMT  TTCHMODOOr  ABSA:  Sensors. 

KRMOBDS:  Passive,  Infrared,  Thermal 
loiagar.  Infrared  Search  &  Track, 
Multiplexed  Isiaglng,  Multispectral 
Imaging. 
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fiTimY  OF  ATMOfiPHTOTr  TnPHfTr.KMTK  BKTATKH  «»FBCTS 
FOR  A  STELW  TmsmcMKm 
D.L.  Fried,  Research  Professor 
D^mrtaent  of  Physics 

Sponsor  and  Funding:  Naval  Research  Laboratory 


OBJSCTIVB:  Develop  understanding  o£ 
the  way  shot  noise  and  turbulence 
effects  Interact  to  limit  the  ability 
of  the  Interferometer's  path-length 
Inequality  sensor  to  properly  control 
the  path-length  adjustment. 

SnsIBKT:  Work  was  conducted  using 
two  distinct  approaches.  The  first 
approach  was  based  on  a  fully 
analytic  treatment  and  studied  only 
the  basic  signal  processing  algorithm 
being  planned  for  use  by  the  develo¬ 
pers  of  the  NRL  Big  Optical  Array. 
The  second  approach  utilized  com¬ 
puter  simulation  and  allowed  eval¬ 
uation  of  alternative  signal  pro¬ 
cessing  algorithms.  As  a  conse¬ 
quence  of  the  completion  of  the  first 
approach  we  were  able  to  establish  an 
understanding  of  how  the  duration  of 
the  measurement  period  should  be 
selected  for  the  coherent  integration 
portion  of  the  signal  processing,  and 
the  extent  to  which  Incoherent 
averaging  of  coherent  results  should 
be  used,  i.e.  how  many  coherent 
integration  periods  should  be  com¬ 
bined  In  the  incoherent  suimaing  part 
of  the  algorithm.  He  determined  that 
for  nominal  observation  conditions 
the  limiting  stellar  magnitude  at 
which  the  path-length  Inequality 
could  be  satisfactorily  determined 
was  m^rn  11.25. 


The  second  approach  has  been 
iiqplamented  for  the  algorithm 
currently  planned  for  use  with  Big 
Optical  Array.  The  results  of  that 
slsnilation  were  found  to  be  In  good 
agreesMnt  with  the  m^all.lS  stellar 
Biagnltude  result  developed  analyt¬ 
ically.  Several  alternative  slfpoal 
processing  algorithsw  have  heen 
formulated  and  evaluated.  To  date 
none  has  provided  significantly 
better  perfonaance  than  the  original 
algorithm. 

OOMnSBKS  PSBBmATXCHSx  fried, 
D.L.,  "AtSMaspherlc  Turbulence  Optical 
Bf facts:  understanding  the  Adaptive- 
Optics  Implications,”  presented  at 
the  NATO  Meting  on  Adaptive  Optics, 
Cargese,  Corsica  (France),  June  1993. 

Fried,  D.L.,  ■Interferometer  Path- 
Length  Inequality  Determination t 
Expected  RMS  Error  with  a  Faint 
Source ,  ”  presented  at  the  ICO 
conference  on  Active  and  Adaptive 
Optics,  Oarching,  Germany,  August 
1993. 

DOT  EXT  TECBMOLOOT:  Sensors. 

EBXWORDS:  Turbulence,  Stellar 
Interferometer,  Noise  Theory, 
Wavefront  Distortion. 
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KT.^f^n-OPTIC  WIDE  AREA  STmVBTI.IAKCB  SYSTBI  TKCBMOIiOOT 
D.L.  Fried,  Research  Professor 
Department  of  Physics 

Sponsor  and  Funding;  Dr.  Donald  Hzmson,  Ihilted  States 
Air  Force  Rome  Laboratory 


OBJSCTXFIt  Fonoulatad  Infrarad 
sansor  concapts  and  conduct  the 
nacassary  analysis  to  astabllsh  that 
tha  sansor  has  adaquata  sansltlvity 
to  support  an  ANACS  aircraft  in  tha 
datsctlon  and  tracking  of  thaatar 
ballistic  mlssllas  in  boost  phasa. 

SOMAKT:  Savaral  sansor  concapts 
wars  fonnilatad,  all  basad  on  a 
scanning  sioda  of  providing  covaraga. 
lach  was  analysed,  taking  account  of 
atBospharic  backgroiind  af facts,  which 
it  was  found  constituted  tha  parfor- 
amnea  llsiltlng  phanonana.  All  of  tha 
concapts  wars  adjusted  as  appropriate 
to  Insure  adequate  sensitivity.  No 
fundaaantal  problasis  were  uncovered 
at  tha  phenomenology  level  other  than 
due  to  curvature  of  the  earth  and  tha 


presence  of  high  altitude  clouds 
along  tha  line  of  sight.  Detector 
number  and  inherent  sensitivity 
requirements  and  required  aperture 
size  were  foimd  to  ba  relatively 

modest - well  within  tha  state  of  tha 

art. 

CXJHFBRKHCK  PSSSBnATKMfft  Pria 

D.L.,  "Vanity,  Vanity - Or  Who  Oats 

Credit  for  tha  Early  Pevelopamnt  of 
the  Artificial  Ouida-Star  Concept," 
presented  at  tha  sieating  of  the  New 
England  Chapter  of  the  Optical 
Society  of  America,  23  September 
1993. 

DOD  KEY  TECHHOLOCT:  Sensors. 

KEYWORDS :  Clutter,  Filter  Algorithm, 
Optimum  Filter. 
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TH»PMnAmnf^TlC  LIFE  SCIBHCES  RBFRIGKR^T^B  fTIkLffB) 

S.L.  Garrett,  Professor 

Department  of  Physics  and  Space  Systems  Kngineeriag 
Sponsor  and  Funding:  MhSA-Llfe  Sciences  Division  and  Oeneral 

Blactric  Government  Services 


OBJSCTXVBi  To  doalgn,  fabrlcata,  and 
■paea- qualify,  a  tharmoacouatlc  ra- 
frigarator  which  would  ba  suitabla 
for  atoraga  of  biological  aaaplaa  on 
tha  Spaca  Shuttla. 

SOBBUnri  Tha  TharmoAcouatic  Lifa 
Sciancaa  Rafrigarator  (TALSR)  ia 
daaignad  to  ba  a  coiiq)lata  rafrig- 
aration  ayataa  which  can  ba  uaad  on¬ 
board  tha  Spaca  Shuttla  to  provida 
cooling  for  biological  aaaplaa.  It 
is  raquirad  to  provida  700  Btu/hr  of 
cooling  at  4°C  in  tha  "rafrigarator 
a»da*  and  400  Btu/hr  of  cooling  at 
-22°C  in  tha  "fraaaar  noda"  within  an 
inaulatad  ancloaura  with  a  voluma  of 
approxinataly  2  cubic  faat.  Dua  to 
tha  similarity  of  TAIiSR  to  a  homa 
rafrigarator/fraasar,  it  is  baing 
davalopad  for  NASA  undar  a  Coopara- 
tiva  Rasaarch  and  Davalopmant 
Agraamant  with  Ganaral  Blactric 
OovamBMnt  Sarvicas. 

POBLTCATIOSS:  Garratt,  S.L.,  Adaff, 
J.A.,  and  Hoflar,  T.J.,  "Thamo- 
Acouatic  Rafrigaration  for  Spaca 
implications ,  "  Journal  Thannophvaica 
and  Hast  Transfer  (AIAA) ,  Vol.  7,  No. 

4,  1993. 

Oarratt,  S.Zi.,  Parkins,  D.K.,  and 
Gopinath,  A.,  "ThamioAcoustic  Refri¬ 
gerator  Heat  Exchangers:  Design, 
Analysis,  and  Fabrication,”  accepted 
for  publication  in  tha  Procaadincs  of 
the  lOth  Intamational  Heat  Transfer 
gPWtfyfBgf r 

OOSFSRSSCB  PRSSBMXATiaSS:  Garrett, 

5. L.,  Hoflar,  T.J.,  and  Parkins,  D.K. 


"ThansoAcoustic  Rafrigaration, " 
Alternative  Fluorocarbons  Bnvlron- 
mantal  Acceptability  Study,  Rafrig¬ 
aration  and  Air  Conditioning 
Workshop,  Oak  Ridge  National 
Laboratory,  Brackanrldga,  CO,  23-35 
Jxma  1993. 

Garrett,  S.L.  and  Hoflar,  T.J., 
"TharmoAcouatic  Rafrigaration i  txem 
Spaca  Shuttla  to  Marker,"  Osona-Safa 
Cooling  Confaranca,  Oraanpaaca,  Wash¬ 
ington,  D.C.,  18  October  1993. 

Galtan,  D.F.  and  Oarratt,  8.L., 
"Dynamics  of  a  Dual -Driver  Acoustic 
Resonator  and  Control  Systasi  Used  for 
Rafrigaration,"  Journal  of  tha 
Acoustical  Society  of  Amariea.  Vol. 
94,  No.  3,  Pt.  2,  p.  1773,  1993. 

Parkins,  D.K.,  Oaitan,  D.  Falipa, 
Russell,  R.,  Gopinath,  A.,  Morris, 
L.T.,  Mayfiald,  J.A.,  and  Oarratt, 
S.  L.,  "ThermodynaBd.c  Parforawnea  of 
a  High  Power  ThamoAcoustic  Rafrigar¬ 
ator,  "  Journal  of  tha  Acouatioal 
Society  of  America.  Vol.  94,  HO.  3, 
Pt.  2,  p.  1772,  1993. 

Garrett,  S.L.,  Gaitan,  D.F.,  Parkins, 
D.K.,  and  Helsath,  D.A.,  "TharmoAeou- 
stic  Life  Sciancas  Rafrigarator," 
Journal  of  tha  Acoustical  Sociatv  of 
America.  Vol.  93,  No.  4,  Pt.  2,  p. 
2364,  1993. 

DOD  KKT  THCHHOLOaT  ANHAt 
Environmental  Effects. 

KBTNORDS:  Thannoacoustic,  Heat  Bx- 
changa,  and  Thermal  Control  Systems. 
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TlfPHQVTO  KFFICIEWCY  and  power  density  for  THBBMOxr^i^yyiC  COOLIRS 
T.J.  Ho£ler«  Research  Assistant  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Office  of  Naval  Research 


OBJICTZVBt  To  perform  basic  raaaarch 
on  thsraoacoustle  cooling  for  appli¬ 
cations  requiring  high  cooling  power 
and  a  small  temperature  span.  Such 
applications  would  include  environ¬ 
mentally  sound  cooling  onboard  Navy 
ships. 

SQHOdKX:  The  following  research  was 
performed  from  1  September  1993  (the 
onset  rtf  fmndino)  to  31  December 
1993.  In  order  to  Increase  the  cool¬ 
ing  power  density  of  thermoacoustic 
coolers,  the  acoustic  asqplltude  must 
be  Increased  substantially.  Increas¬ 
ing  the  cooling  power  density  by 
nearly  two  orders  of  magnitude  is 
conceivable. 

However,  the  conventional  luiderstand- 
ing  [Swift,  JASA,  1986]  is  that  the 
length  of  the  heat  exchangers  must  be 
approximately  twice  the  peak  acoustic 
particle  displacement  anqplitude. 
High  amplitude  thermoacoustic  engines 
would  force  the  heat  exchangers  to  be 
an  extremely  large  source  of  acoustic 
dissipation  and  the  resulting  engine 
efficiency  would  be  low. 

It  was  felt  that  these  conventional 
heat  exchangers  were  uxmecessarily 
inefficient,  and  with  proper  design, 
could  be  smde  much  shorter  and  much 
a»ra  efficient.  Rough  calculations 
supported  this  hypothesis,  and  an 
ei^erimental  test-bad  was  designed 
and  built.  The  test-bad  is  a  heat 
driven  prime  mover  (an  acoustic  mo¬ 
tor)  rather  than  a  cooler,  since 
large  acoustic  amplitudes  are  easy  to 
achieve. 


The  results  suggest  that  heat  exchan¬ 
gers  can  be  thersuilly  effective  at 
lengths  that  are  a  factor  of  10  shor¬ 
ter  than  those  suggested  by  Swift.  A 
very  large  increase  in  high  power 
thermoacoustic  cooler  efficiency 
should  be  possible. 

CONFKRKNCB  PAKSBRATIOHS :  Hofler, 
T.J.,  "Effective  Heat  Transfer  Be¬ 
tween  a  Thermoacoustic  Heat  Bxchanger 
and  Stack,"  Journal  of  the  Acoustical 
Society  of  America.  Vol.  94,  MO.  3, 
Pt.  2,  p.  1772,  ,  Denver,  CO,  Septem¬ 
ber  1993. 

Castro,  N. ,  Hofler,  T.J.,  and 
Atchley,  A.  A.,  "Experimental  Heat 
Bxchanger  Perfonnance  in  a  Thermoaco- 
ustic  Prime  Mover,  ■  Journal  of  the 
Acoustical  Society  of  America.  Vol . 
94,  No.  3,  Pt.  2,  p.  1772,  Denver, 
CO,  September  1993. 

Garrett,  S.  L. ,  Perkins,  D.K., 
Gaitan,  F.D.,  and  Hofler,  T.J.,  "The¬ 
rmoacoustic  Cooling, "  Refrigeration 
and  Air  Conditioning  Technology  NOrk- 
shop,  Breckenridge,  CO,  June  1993. 

THBSIS  DIRBCTHD:  Castro,  N.C.,  LT, 
USN,  "Experimental  Heat  Exchanger 
Performance  in  a  Thennoacoustic  Prime 
Mover,"  Master's  Thesis  in  Physics, 
December  1993. 

DOD  KEY  TECHHODOOT:  Propulsion  and 
Energy  Conversion. 

KETMORDS:  Thermoacoustlc ,  Refrigera¬ 
tion,  and  Cooler. 
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TH1MI0^CX)U8TIC  RBFRiqiRATOR  pgSICMS  FOB  flPACT 
T.J.  Hofler,  Resaarch  Assistant  Profsssor 
Departasnt  of  Physics 

Sponsor  and  Funding:  Naval  Research  Laboratory 


OBJaCrXVBt  Th«  obj«ctlva  is  to  con¬ 
struct  third  gsnsrstion  prototypes  of 
thors»scoustlc  rsfrigsrstors  (TARIZI) 
suitable  for  use  in  spacecraft,  for 
the  purpose  of  cooling  electronics 
and  sensors  to  cryogenic  teBg>era- 
tures.  The  goal  of  this  ongoing  re¬ 
search  is  to  iaprove  the  refrigerator 
performance  and  design  on  both  a 
fundamental  level  and  on  a  practical 
level. 

SUSIhSTt  Over  the  last  calendar  year 

the  following  work  was  accoiq>lished. 
Construction  of  the  first  experimen¬ 
tal  TARIIZ  cooler  was  finished  and  it 
was  tested.  Although  the  numerical 
design  model  indicated  that  a  cold 
temperature  of  125°  K  should  be 
achieved,  the  coldest  sMssured  tem¬ 
perature  was  220°  K.  Our  extensive 
instrumentation  enabled  us  to  under¬ 
stand  the  reason  for  the  poor  perfor¬ 
mance,  and  has  given  us  a  much  better 
understanding  of  the  limitations  of 
the  current  linear  thannoacoustlc 
theory . 

The  second  TARIZI  cryocooler  design 
has  been  extensively  siodeled  numeri¬ 
cally  and  hopefully  will  side-step 
the  problems  associated  with  the 
first  design.  The  model  Indicates  a 
coafficient-of-parfonBance,  COP,  in 
excess  of  10%  of  Carnot  at  150°  K 
with  colder  temperatures  possible. 
The  prototype  of  this  design  was 
mostly  constructed. 

A  great  deal  of  time  was  spent  devel¬ 
oping  two  new  elactrodynamic  acoustic 


driver  designs.  The  first  and  sim¬ 
pler  of  the  two  designs  should  pro¬ 
vide  modest  asounts  of  power  at  a 
modest  efficiency,  and  will  be  usable 
over  a  broad  range  of  freguenoles. 
The  construction  of  one  of  these 
drivers  is  very  nearly  finished. 

A  second  and  more  complicated  driver 
design  has  also  boon  partially  devel¬ 
oped,  which  should  deliver  high 
acoustic  power  and  high  officiency  in 
a  compact  unit,  over  a  narrow  fre¬ 
quency  range. 

PUBZ.ICATIOH:  Garrett,  8.L.,  Adeff, 
J.A.,  and  Hofler,  T.J.  "Thermo¬ 
acoustic  Refrigerator  for  Space  Ap¬ 
plications,  ”  .yommpi  ThsanarohaesAgg 
and  Heat  Transfer.  Vol.  7,  Mo.  4, 
October  -  December  1993. 

CONPXRKMCR  PRSSIRZATXaMt  Hofler, 
T.J.  and  Adeff,  J.A.  "Performance  of 
a  Thermoacoustic  Refrigerator  with 
an  Improved  Stack  Geometry, "  Journal 
of  Acoustical  Society  of  America. 
Vol.  94,  No.  3,  Pt.  2,  Denver,  CO, 
September  1993. 

OTHRR:  Patent  submission  in  prog¬ 
ress,  "Inproved  Acoustic  Drivers  for 
Cooling  Engines . " 

DOD  KEY  TBCBMOZ^OOT:  Propulsion  and 
Energy  Conversion,  Electronic  Devic¬ 
es,  Sensors. 

KETMORDS:  Thermoacoustlc,  Refrigera¬ 
tion,  and  Cryocooler. 
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THKRIIOACOUSTIC  PIM  STAC3CS 
R.M.  Keollan,  Assistant  Professor 
DepartSMnt  of  Physics 

Sponsor  and  Funding:  Office  of  NSval  Research,  Physics  Division 


OBJRCTXVSt  Th«  primary  objactiva  of 
this  raaaarch  is  to  construct  and 
tost  "pin  stacks."  It  is  hopad  that 
this  now  stack  goomotry  will  ia^rova 
tha  affieiancy  of  tharmoacoustically 
basad  rafrigarators,  haat  pus^s  and 
prim*  aovars.  Sacondary  objactivaa 
includa  tha  o:q>loratlon  of  tha  dasir- 
ability  and  practicality  of  fractal 
haat  axchangar  dosigns  and  of  para- 
motrlc  sound  sourcas. 

SIMIhKrt  Funding  for  this  projact 
startad  in  tha  last  faw  woaks  of  this 
reporting  period,  and  llttla  happened 
during  that  tlsia.  However,  earlier 
this  year  a  manuscript  dascriblng  tha 
Idas  was  p\d>llahad  and  a  patent  dis¬ 
closure  was  submitted,  which  are 
included  below.  K  stack  is  tha  heart 
of  a  thanBoaeoustie  angina,  where  tha 
bidirectional  conversion  of  energy 
from  acoustic  to  thermal  forms  oc¬ 
curs.  A  conventional  stack  consists 
of  a  rolled  mylar  sheet.  A  pin  stack 
improves  this  gaosMtry  by  using  an 
array  of  parallel  fibers  or  "pins." 
This  increases  tha  ratio  of  "good" 
volume,  where  the  thermoacoustic 
action  is  taking  place,  to  the  "bad" 
voluBw,  where  viscous  losses  are 
taking  place.  It  has  been  calculated 
that  pin  stacks  should  inprove  the 
efficiency  of  energy  conversion  by  10 


to  20%,  and  experimental  work  at- 
teopting  to  construct  a  pin  stack  has 
just  beg\in.  In  our  first  version,  we 
will  try  to  run  thousands  of  parallel 
wires  between  two  copper  heat  exchan¬ 
gers. 

POBLICATIOIIS:  Swift,  G.W.  and 

Keolian,  R.M.,  "Thermoacoustles  in 
Fin-Array  Stacks,"  Journal  of  the 
Acoustical  Society  fSTTTlTT  Vol. 
94,  No.  2,  Pt.  1,  pp.  941-943,  1993. 

PATBMT:  Keolian,  R.M.  and  Swift, 

6.W.,  "Thermoacoustic  Pin  Stack," 
Navy  Case  No.  MC75596,  1993. 

DOD  KEY  TRCHMOLOGY  ARMA:  Propulsion 
and  Energy  Conversion,  Sensors. 

KRYMORDS:  Thermoacoustics,  Refriger¬ 
ation,  Acoustic  Source,  Heat  Pump. 
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IKKVE  T0RB1 


fCE  AMD  SOLITON  DYHMIICS 


R.N.  Keolian,  Assistant  Profassor 
A.  Larraxa,  Research  Assistant  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Office  of  Naval  Research,  Physics  Division 


onraCTZVIt  This  continuing  project 
deals  with  axparla»ntsl  and  thsorati- 
cal  studios  of  nonlinear  random  sur¬ 
face  wave  driven  far  off  equilibritjm. 
Investigations  of  the  self  focusing 
mechanisms  of  localized  nonlinear 
structures  are  also  considered. 

Snaounri  Theoretical  investigations 
of  nonllnearly  interacting  random 
waves  driven  far  off  equilibrium  have 
led  to  the  prediction  of  new  progaga- 
ting  collective  modes.  In  the  fre¬ 
quency  regime  where  the  mean  free 
path  of  interaction  of  waves  is  large 
eospared  to  the  wavelength  of  the 
mode,  a  theory  analogous  to  the  theo¬ 
ry  of  Fend  liquids,  where  the  role 
of  quasiparticles  is  played  by  the 
surface  waves,  predicts  the  existence 
of  a  longitudinal  and  a  transverse 
mode.  An  experiment  is  being  con¬ 
ducted  in  a  large  wave  tank  with  fans 
to  create  a  wind  driven  background 
sea  state.  A  computer  controlled 
mechanical  paddle  andulates  the  back¬ 
ground  sea  state,  with  the  modulation 
length  smaller  than  the  mean  free 
path.  Preliminary  results  seem  to 
indicate  the  first  observation  of  the 
longitudinal  collective  mode  as  a 
nondlspersive  decrease  in  the  back¬ 
ground  spectral  energy  density.  The 
propagation  spaed  was  determined  to 
be  a  function  of  the  spectral  peak 
frequency,  in  qualitative  agreement 
with  the  theory. 

FDBUCATZaaS:  Larraza,  A.  and  Fal- 
kovleh,  O. ,  "Collective  Modes  in  Open 
Systems  of  Nonlinear  Random  Waves," 
Physical  Review  B.  Vol.  48,  pp.  9855- 
9857,  1993. 


Larraza,  A.  "Physical  ApplicetioiM  of 
Nave  Turbulence:  Wind  Waves  and 

Classical  Collective  Modes,"  in  Won- 
linear  Waves  and  Weak  Turbulence. 
Chap.  5,  N.  Pitzamurice  at  el.,  ed., 
Birkhauser,  Boston,  MA,  1993. 

COLLOQDIOM  PRBSBRATIOn  i  Lerress, 
A. ,  "Wave  Turbulence  and  Collective 
Modes  in  Open  Systems  of  Honlineer 
Random  Waves,"  implied  Mathematics 
Program,  University  of  Colorado  at 
Boulder,  14  January  1993. 

Larraza,  A.,  "The  Boltzsuuin  Bquationi 
From  Particle  Kinetics  to  Nonlinear 
Random  Naves,"  implied  Mathsmatlcs 
Program,  Onivarslty  of  Colorado  at 
Boulder,  15  January  1993. 

aanmiMCB  PSMsnxATiQast  Keolian, 
R.  and  Larraza,  A.,  "Collective  Modes 
in  Nonlinear  Random  Gravity  Waves," 
ONR  Nonlinear  Ocean  Waves  Workshop, 
Washington,  D.  C.,  October  1992. 

Lawrence,  R.T.,  Yarbar,  R.X.,  and 
Keolian,  R.N.,  "Search  for  Second 
Sound  in  Deep  Water  Gravity  Waves," 
Journal  of  the  Acoustical  Society  of 
America.  Vol.  92,  Pt.  2,  pp.  2454, 
1992. 

THBSBS  DIRBCTSD:  Yarber,  R.K.,  "De¬ 
velopment  and  Calibration  of  Two  and 
Four  Wire  Water  Surface  Wave  Height 
Measurement  Systezu,  "Master's  The¬ 
sis,  December  1992. 

Lawrence,  R.T.,  LT,  DSN,  "Experimen¬ 
tal  Inquiries  into  Collective  Sea 
State  Modes  in  Deep  Water  Surface 
Gravity  Waves,"  Master's  Thesis, 
December  1992. 
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INDUCTIVE  COUPLIMG 


X.K.  Naruyaaa,  Professor 
Departaent  of  Physics 

Sponsor  and  Funding:  Naval  Air  Warfare  Center 


OBJSCTXVBi  Aircraft  alactroxoagnatic 
pulsa  and  lightning  hardening  pro- 
graaa  have  Incorporated  direct-drive 
technology  to  sinulate  BMP/lightning 
electroaagnetlc  effect*.  The  effort 
proposed  here  is  to  eBqplrlcally  test 
and  characterize  several  Inductive 
couplers  used  in  the  BMP/BMI  test 
program  at  the  Naval  Air  Warfare 
Center,  Patuxent  River,  MD. 

In  this  program,  we  will:  (1)  Inves¬ 
tigate  the  transfer  characteristics 
of  inductive  couplers  used  in  the 
Patuxent  River  Aircraft  Test  Center; 
(2)  These  Inductive  coupler  will  be 
provided  by  the  Naval  Air  Warfare 
Center;  and  (3)  A  Final  report  con¬ 
taining  findings  and  recommendations 
for  application  in  the  aircraft 
test 


program  will  be  prepared  as  a  Naval 
Postgraduate  School  Master  of  Physics 
thesis. 

SUMMART:  The  objectives  one  through 
three  above  have  been  accosfilished. 
A  final  report  containing  findings 
and  recommendation  for  choosing  among 
the  inductive  couplers  provided  has 
been  issued. 

THESIS  DIRECTED:  Millar,  Ouy  A., 
"Coupler  Technology  Evaluation  for 
Lightning  Direct  Drive  Tests  at  MAMC, 
Patuxent  River,  Maryland,"  Master's 
Thesis  in  Physics,  June  1993. 

DOD  KEY  TECBNOLOGT:  Other 

KEYWORDS:  Aircraft  BMP,  Lightning, 
EMP/BMI,  Coupler  Technology,  Simula¬ 
tion. 
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FACILITIES  SUPPORT  FOR  THE  MWAL 
POSTGRAPnATB  SCHOOL  LDiAC  AMD  FLASH  Z-EAY 
Z.K.  Maruyaaa,  Professor 
Departaent  of  Physics 
Sponsor:  Naval  Surface  Warfare  Center 
Funding:  Naval  Postgraduate  School 


OBJBCTXVB:  The  radiation  aourcea  at 
MPSf  tha  100  MaV  RF  alactron  linaar 
acealarator  and  tha  1.7  MV  pulaad 
flash  x-ray  aiaehlna  ara  raquirad  for 
a  nuabar  of  pro j acts  at  MPS,  includ¬ 
ing  tha  study  of  unipolar  arcing 
plaaaa  physics,  Invastlgation  of 
noval  Bourcas  of  coharant  radiation 
and  radiation  affects  in  materials 
and  alactronic  davicas.  These  radia¬ 
tion  sources  ara  maintained  by  the 
Physics  dapartaiant,  but  are  available 
to  a  variety  of  investigators  from 
tha  Haval  Postgraduate  School  and 
their  aasoclatad  external  collabora¬ 
tors.  These  radiation  source  faclll- 
tiaa  ara  also  used  for  classroom 
course  instruction. 

SOMOUnr:  in  its  twanty-alght  year 
tha  alactron  linaar  accelerator  con¬ 
tinues  to  bo  a  productive  instrument 
for  forefront  research.  The  investi¬ 
gation  of  machanisms  in  the  study  of 
parametric  x-radlatlon,  PXPR,  re¬ 
vealed  that  for  thick  targets  higher 
order  Bragg  scattering  from  virtual 
photons  can  be  observed.  This  work 
has  gained  international  attention. 
Our  linac  was  the  first  lidioratory  in 
tha  western  world  to  study  this  phe- 
nomanon.  This  work  has  been  of  such 
Intorost  that  PXR  measurements  are 
being  pursued  at  the  Naval  Research 
Laboratory,  Saskatochewan  Accelerator 
Laboratory  and  the  Johannes  Gutenburg 
Uhivarsity  in  Mainz.  Several  Japa¬ 
nese  laboratories  including  Osaka 
university  and  Tohoku  University  have 
also  begun  investigations.  The  pres¬ 
ent  es^hasls  is  to  explain  the  great¬ 
er  than  a:g>ected  PXR  radiation  inten¬ 
sity  from  mosaic  graphite.  Further 
discussion  of  PXR  is  presented  under 


the  project  entitled  Novel  Sotirces  of 
Coherent  and  Quasicoherant  Radiation. 
B143  is  a  large  collaboration  of 
nearly  150  nuclear  and  high  energy 
physicists  who  are  conducting  an 
experiment  at  the  Stanford  Linear 
Accelerator  Center,  SLAC.  This  ex¬ 
periment  is  to  answer  some  puzzling 
questions  on  the  structure  of  the 
proton  and  addresses  the  "Spin  Cri¬ 
sis  . "  The  present  understanding  of 
quantum  chromodynaad.cs  does  not  fully 
explain  the  spin  of  the  nucleon  from 
the  constituent  quark  spins.  B143  is 
an  electron  scattering  experiment  of 
polarized  electrons  on  polarized  pro¬ 
tons.  The  polarized  target  is  solid 
ammonia  which  must  be  prepared  by 
inducing  radiation  damage.  The  Haval 
Postgraduate  School  linac  was  used  to 
irradiate  and  prepare  solid  ammonia 
and  deuterated  aiimx>nia  targets.  One 
student  is  involved  in  the  main  B143 
experiment  at  SLAC  herein  20  OeV 
electrons  are  used  as  the  projectile. 
Our  x-ray  detection  ej^ertise  which 
we  obtained  from  our  coherent  x-radl- 
ation  program  is  being  used  to  deter- 
xBine  the  target  properties  of  solid 
ammonia . 

The  Radiological  Affairs  Support 
Office  (RASO)  conducted  their  tri¬ 
annual  safety  inspection.  Recent 
requirement  changes  in  the  Code  of 
Federal  Regulations  have  aiade  person¬ 
nel  absorbed  radiation  llsilts  as 
factor  of  five  smaller  for  the  gen¬ 
eral  public  than  was  previously  al¬ 
lowed  (500  mrem/yr  to  100  mrem/yr)  . 
This  has  required  us  to  mosMntarlly 
cease  thesis  projects  and  consider¬ 
ably  iiiq>rove  radiation  protection 
measures.  Lead  shielding  has  bean 
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^••rrangad  after  wa  were  able  to 
Identify  a  major  eource  of  background 
radiation  as  a  focussing  lens.  These 
focussing  lenses  had  been  shorted  for 
some  time  and  they  have  been  fixed. 
Two  boratad  polyethylene  doors  weigh¬ 
ing  600  and  300  lbs  respectively  have 
bean  installed  to  shield  the  experi- 
BMntal  hall.  This  has  cut  down  neu¬ 
tron  flux  from  general  public  access 
areas.  Wa  have  requalified  our  ac¬ 
celerator  for  operations.  Further 
improvesMnts  are  being  pursued. 
Additional  shielding  in  the  form  of 
water  will  be  installed  above  the 
experimental  vault.  That  we  have 
been  able  to  meet  the  new  very  strin¬ 
gent  requirements  is  a  considerable 
accomplishment  and  allows  us  to  keep 
the  linac  operational. 

The  flash  x-ray  (FXR)  machine  has 
been  productive  this  past  year  in  the 
study  of  explosive  plasma  formation 
on  electrodes.  This  investigation 
revealed  that  the  electron  beam  from 
a  cathode  of  a  high  voltage  diode 
occurs  within  time  scales  of  nano¬ 
seconds  and  the  mechanisms  are  due  to 
unipolar  arcing.  Similar  unipolar 
arcing  mechanisms  are  evident  in  the 
anode  as  wall.  The  timing  of  the  x- 
ray  production,  cathode  interaction 
and  anode  interaction  have  been  meas- 
xired  and  are  within  a  nanosecond  of 
each  other. 

The  results  of  the  use  of  the  radia¬ 
tion  sources  are  listed  separately 
under  the  individual  project  sum¬ 
maries  where  appropriate.  Those 
listed  below  are  not  specifically 
listed  under  current  sponsored  pro¬ 
jects. 

PUBUCAXIOHS:  Retzlaff,  G.A. ,  Beck, 
D.,  Caplan,  H.S.,  Hallin,  2.C., 
Sapp,  N.W. ,  Skoplk,  D.M.,  Blomqvist, 
Dodson,  O.,  Dow,  K.,  Farkhondeh,  M., 
Flans,  J.,  Kowalski,  s.,  Sargent, 
C.P.,  Tlager,  D.,  Turchenitz,  W. , 
Willlauon,  C.F.,  Maruyama,  X.K., 


Dodge,  W.,  Lightbody,  Jr.,  J.N., 
Ueng,  T.S.,  Galoskie,  R.,  McCarthy, 
J.,  Whitney,  R.R.,  Dytswn,  B.,  Quinn, 
B.,  Von  Reden,  K.,  Schiavilla,  R. , 
and  Tjon.  J.A.,  "Threshold  Electro¬ 
disintegration  in  the  A>3  System." 

Maruyama,  X.K.,  Hellstem,  M.J., 
Reid,  C.B.,  Fiorito,  R.B.,  and  Rule, 
D.W.,  "Optical  Transition  Radiation 
Interferometry  and  Beam  BBd.ttance 
Measurements,"  Muclear 
and  Methods.  Vol.  B79,  p.  788,  1993. 

Fiorito,  R.B.,  Rule,  D.W.,  Maruyasw, 
X.K.,  Peistrup,  M.A. ,  and  Ho,  A.H., 
"Observation  of  Higher  Order  Para¬ 
metric  X-ray  Spectra  in  Mosaic  Gra¬ 
phite  and  Single  Silicon  Crystals," 
Physical  Review  Letter.  Vol.  71,  p. 
704,  1993. 

Fiorito,  R.B.,  Rule;,  D.W.,  Piestrup, 
M.A.,  Ho,  A.H.,  Li,  Q.,  and 
Maruyeuna,  X.K.,  "Parametric  X-ray 
Generation  from  Moderate  Energy  Elec¬ 
tron,  "  Nuclear  Instruments  and  Meth¬ 
ods.  Vol.  B79,  p.  758,  1993. 

CONFERENCE  PRESEHTATIOMS :  Maruyama, 
X.K.,  DiNova,  K.,  Snyder,  D.,  Li, 
Qiang, ,  Piestrup,  M.A.,  Fiorito, 
R.B.,  and  Rule,  D.N.,  "A  Compact 
Tunable  X-ray  Source  Based  on  Para¬ 
metric  X-ray  Generation  by  Moderate 
Energy  Linacs,"  Particle  Accelerator 
Conference,  Washington,  D.C.,  17-20 

May  1993. 

Maruyama,  X.K. ,  Fasanello,  T.,  Rule, 
O.W.,  Rietdyk,  H.,  Piestrup,  M.A. , 
and  Fiorito,  R.B.,  "A  Method  for 
Measuring  Dark  Current  Electron  Beams 
in  an  RF  Linac,"  Particle  Accelerator 
Conference,  Washington,  D.C.,  17-20 

May  1993. 

Fiorito,  R.  B.,  Rule,  D.W.,  Maruyama, 
X.K.,  DiNova,  K.L.,  Evertson,  M.J., 
Piestrup,  M.A. ,  and  Ho,  A.H. ,  "Higher 
Order  Parametric  X-ray  Spectra  in 
Mosaic  and  Single  Crystals,"  Inter- 
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national  Symposium  on  Radiation  of 
Ralatlvlstic  Blactrons  in  Periodical 
Structures,  RBPS-93,  Tomsk,  Russia, 
6-10  September  1993. 

Maruyaioa,  X.K.,  Fasanello,  T.,  Rule, 
D.W.,  NlNova,  K.,  Piestrup,  M.A.,  and 
Florito,  R.B.,  "A  Method  for  Measur¬ 
ing  Dark  Current  Electron  Beams  in  an 
RF  Linac  and  Its  Application  to  De¬ 
termine  the  Absolute  Intensity  of  PXR 
Spectra, ”  International  Symposium  on 
Radiation  of  Relativistic  Electrons 
in  Periodical  Structures,  REPS-93, 
Tosisk,  Russia,  6-10  September  1993. 

OTHER:  Currant  external  collabora¬ 

tors,  institutions  and  topics  in¬ 
clude:  Florito,  R.  and  Rule,  D., 

Naval  Surface  Warfare  Center,  optical 
transition  radiation,  parametric  x- 
rays;  Piestrup,  M.A.,  et  al.,  Adelphi 
Technology,  x-ray  transition  radia¬ 
tion  and  x-ray  optics,  parametric  x- 
rays;  Johnson  J. ,  University  of  Wis¬ 
consin  and  the  E143  collaboration  at 
SLAC,  polarized  frozen  ammonia  tar¬ 
gets  and  the  nucleon  spin  crisis. 

THESES  DXRHCIHD:  Willis,  Gregory, 

"Investigation  of  Onset  of  Plasma 
Formation  at  Anode  of  Fast-Pulsed 
High-Voltage  Diode,"  Master's  Thesis 
in  Physics,  March  1993. 


Callahan,  Michael  O.,  "X-ray  Pulse 
Considerations  and  Electron  Flow  in 
High  Voltage,"  Master's  Thesis  in 
Physics,  December  1993. 

Wright,  Charles  M. ,  "Time  Resolved 
Measurements  of  Light  Produced  by 
Onset  of  Plasma  Formation  on  Elec¬ 
trodes  of  Fast  Pulsed  High  Voltage 
Biodes,"  Master's  Thesis  in  Physics, 
December  1993. 

DOD  KEY  TECHHOLOCT:  Electronic  De¬ 
vices. 

KEYWORDS:  Radiation  Source,  Linac, 
Accelerator,  Paraswtric  x-radiatlon. 
Transition  Radiation,  Quantum  Chroaio- 
dynamics.  Flash  x-ray  machine,  unipo¬ 
lar  arcing. 
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SPACE  POWER  KXPKRmKHT  ABOABD  ROaOCT  (SPKMtl 
R.C.  Olsen,  Associate  Professor 
D^artaent  of  Physics 

Sponsor  and  Funding:  Defense  Nuclear  Agency 


OBJBCTIVB:  Support  doslgn  phaaa  for 
th«  SPEAR  III  pro j act.  In  particular 
advisa  on  tha  charging  bahavior  axpa- 
rlanced  in  SPEAR  I,  and  on  instruman- 
tation  to  ba  flown  in  tha  naw  mis- 
aion.  Support  chaabar  t  <8t8  at 
NASA/LaRC  Pltim  Brook  facility  .  Ana- 
lyza  particla  and  wava  data. 

SmoiART:  Prallaiinary  taata  wara 
conductad  at  tha  Plum  Brook  facility. 
Final  taata  wara  cancallad  dua  to 
funding  conatrainta.  Tha  rockat  waa 
aucceaafully  launchad  on  15  March 
1993 .  Funding  cutbacka  allminatad 


analyala  f\mda,  howavar,  ao  aubaa- 
quant  work  haa  baan  unaupportad. 
Jamaa  Morrla,  an  HPS  atudant,  attand- 
ad  tha  Plum  Brook  taata  in  1992,  and 
tha  launch.  Complation  of  thaala  dla 
in  1994. 

niSIB  DIRBCXSD:  Morrla,  JaaMa, 
"Spaca  Exparimanta  Aboard  Roekata: 
SPEAR  III,"  dua  in  March  1994. 

DOD  KSr  nCHMQLOOTt  EnvlronBMntal 
Ef  facta. 

KSYMORDS:  Spacacraft  Charging. 


LIQUID  METAL  ION  GUN  FLIGHT  EXPERIMENT 
R.C.  Olsen,  Associate  Professor 
Department  of  Physics 
Sponsor  and  Funding:  NASA/GSFC 


OBJECTIVE:  Prapara  charga  control 
axparimant  for  lavinch  on  the  European 
Space  Agency  (ESA)  Cluater  satellite 
Bilssion.  NPS  rasponslblllties  are  to 
procure  tile  substrata,  support  char¬ 
ging  analysis. 

SUMMARY:  This  ongoing  study  con¬ 
tinues.  Delivery  of  the  flight  units 
by  tha  principal  investigator  (Dr. 
Riedler,  Graz,  Austria)  has  begun. 
Attended  team  meeting  in  Oslo,  Nor¬ 
way. 

DOD  KEY  TECHHOLOGY:  Environmental 
Effects . 

KEYWORDS:  Spacecraft  Charging. 
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PLASM\  MOTOR  GENERATOR  (PMS)  -  DELTA 
R.C.  Olsen  -  Associate  Professor 
Department  o£  Physics 
Sponsor  and  Punding:  HASA/JSC 


OBJICTIVB:  Support  design  phase  and 
launch  for  the  PMG-Delta  experiment. 
The  experiment  is  an  electrodynasilc 
tether,  designed  to  test  plasma  con¬ 
tactor  technology. 

SUMMaRT:  PMG-Delta  was  successfully 
launched  in  June  1993.  Olsen  sup¬ 
ported  the  activity  by  working  at  the 
Hawaii  ground  radar  site.  Flight 
data  were  reduced  at  NPS.  Student 
thesis  work  was  initiated. 


comounci  PSHSORMnaa:  Olsen, 

R.C.,  McCoy,  J.B.,  Orossi,  M.D., 
Carroll,  J.A.,  Dobrowolny,  M.,  and 
Jost,  J.,  "High  Current  Blectrodynam- 
Ic  Tether  Investigations  by  the  PMQ 
Experiment,"  Fall  Meeting  of  the 
Asterlcan  Geophysical  Union,  San  Fran¬ 
cisco,  CA,  9  Decesiber  1993. 

DOD  KEY  TECHMOTiOOT:  Environmental 

Effects. 

EETMOEDS:  Spacecraft  Charging. 


BOnATORIAI.I.Y  TRAPPED  PLASMAS 
R.  C.  Olsen  -  Associate  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJECTIVE;  Study  the  nature  of  equa- 
torially  trapped  plasmas,  and  the 
interactions  between  such  plasmas  and 
the  aiagnetosphere  filling  problem. 

SUMMAET:  Data  from  the  AMPTE/CCE  euid 
Los  Alamos  1989-046  satellite  were 
analyzed.  In  this  ongoing  project, 
several  surveys  were  conducted.  The 
most  Intriguing  element  discovered  to 
date  is  a  link  between  the  ionospher¬ 
ic  photoelectron  flows  and  the  equa- 
torially  trapped  electrons. 


THESES  DIBBCTBD:  Lantto,  Eric  S., 
"Detailed  Analysis  Case  Studies  of 
Trapped  Plasmas  at  the  Barth's  Mag¬ 
netic  Equator,"  Master's  Thesis,  June 
1993. 

Laszakovits,  John  S.,  "Ionospheric 
Photoelectrons  Measured  at  Geosyn¬ 
chronous  Orbit,"  Master's  Thesis, 
June  1993. 

DOD  KEY  TECBMOXiOGY:  Environmental 
Effects. 

EEYMOKDS :  Space  Plasmas . 
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F 


THE  PHYSICS  OF  HIGH  VOLTAGE  BRKAKDOHIf 
F.  Schwlrxka,  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJECTIVE:  To  undarstand  tha  high 
voltaga  braakdown  procass  and  tha 
proeaaa  o£  plaaaa  formation  on  tha 
aurfaeaa  of  alactrodaa  of  a  vacuum 
dloda.  This  is  a  continuing  projact. 

SOMIhETt  Blactrlcal  braakdown  and 
formation  of  cathoda  spots  ara  basic 
procassas  In  auuiy  araas  of  high  volt- 
aga  anglnaarlng  and  pul sad  power 
technology.  Mlcron-sizad  cathoda 
spots  form  within  nanoseconds  on  tha 
cathoda  of  a  vacuum  diode,  vacuum, 
are,  and  most  other  discharges. 
Despite  tha  fundamental  importance  of 
cathode  spots  for  the  breakdown  pro¬ 
cess,  their  structure  and  the  source 
of  tha  highly  localized  energy  densi¬ 
ty  ware  not  wall  \mdarstood.  A  salf- 
eonslstant  physical  modal  of  tha 
braakdown  procass  has  bean  developed. 
Field  amission  of  electrons  from 
spots  on  tha  cathode  leads  to  desorp¬ 
tion  of  neutral  molecules.  A  pos¬ 
itive  space  charge  Is  formed  by  ion¬ 
ization  of  the  desorbed  neutrals 
which  further  enhances  field  emis¬ 
sion.  Surface  heating  of  the  elec¬ 
tron  ead.tting  spot  by  ion  bombardment 
Is  by  orders  of  magnitude  a  more 
efficient  energy  deposition  mechanism 
than  the  previously  believed  Joule 
heating.  The  localized  buildup  of 
plasma  above  the  electron  emitting 
spot  leads  to  pressure  and  electric 
field  distributions  which  ignite 
unipolar  arcs .  The  high  current 
density  of  the  unipolar  arc  provides 
the  "e^^loslve”  like  formation  of  a 
cathode  spot  plasma.  Experimental 
results  obtained  with  the  NFS  Flash 
X-Ray  and  Electron  Accelerator  System 
confirm  the  now  breakdown  model. 

POEliICRTXOES:  Schwlrzke,  F.,  Hallal, 
M.P.,  Jr.,  and  Maruyama,  X.K.,  "Onset 


of  Breakdom  and  Formation  of  Cathode 
Spots,"  IEEE  Transactions  «tt  HitEB 
Science.  Vol.  21,  Mo.  5,  October 
1993.  (Invited  Paper). 

Schwlrzke,  F.,  Hallal,  N.F.,  Jr.,  and 
Maruyama,  X.K.,  "The  Physics  of  Vacu¬ 
um  Breakdo%m, "  In  Proceedings  of  the 
9th  International  Conference  on  Blgh 
Power  Particle  Beams,  Washington, 
D.C.,  25-29  May  1992,  Vol.  2,  Nation¬ 
al  Information  Service  PB92-206168, 
1993. 

Schwlrzke,  F.,  "The  Physics  of  Vacuum 
Breakdo%m, "  Conference  Record,  IEEE 
Catalog  No.  93CH3334-0,  1993  XEEE 
International  Conference  on  Plasma 
Science,  Vancouver,  BC,  Canada,  (In¬ 
vited  Paper),  7-9  June  1993. 

Schwlrzke,  F. ,  "The  Physics  of  High 
Voltage  Breakdown, ”  in  Proceedings  of 
the  XXI  International  Conference  on 
Phenomena  in  Ionized  Oases,  Ruhr 
University  Bochum,  Germany,  19-24 
September  1993. 

Schwlrzke,  F.,  "The  Physics  of  Vacuum 
Breakdown,"  Digest  of  Technical  Pa¬ 
pers,  9th  International  Pulsed  Power 
Conference,  Albuquerque,  MM,  21-23 
June  1993. 

CONFERENCE  PRESENTATIOHS :  Schwlrzka, 
F.  and  Carter,  J.P.,  "Magnetic  Field 
Generation  in  Shoc)cwavas , "  1993  Annu¬ 
al  Meeting  of  tha  Division  of  Plasma 
Physics  of  the  Asierlcan  Physical 
Society,  1-5  November  1993,  St.  Lou¬ 
is,  MO.  Abstract  published  in  Bulle¬ 
tin,  American  Physical  Society.  Vol . 
38.  p.  1904,  1993. 

Schwlrzke,  F.  and  Carter,  J.P.,  "Mag¬ 
netic  Field  Generation  In  Shock- 
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Diodes,"  Master's  Thesis,  Dsessribsr 
1993. 


waves,"  11th  International  Conference 
on  Ziaser  Interaction  and  Related 
Plassta  PhenooMna,  Monterey,  CA,  25-29 
October  1993. 

V— ***  DISBCXSD:  Willis,  Gregory, 
"Investigation  of  Onset  of  Plasma 
Ponsation  at  Anode  of  Fast  Pulsed 
High-Voltage  Vacuum  Diode,"  Master's 
Thesis,  March  1993. 

Callahan,  Michael  O.,  "X-Ray  Pulse 
Considerations  and  Electron  Flow  in 
High  Voltage  Diodes,"  Master's  The¬ 
sis,  December  1993. 

Wright,  Charles  M. ,  "Time  Resolved 
Measurements  of  Light  Produced  by 
Onset  of  Plasma  Formation  on  Elec¬ 
trodes  of  Fast  Pulsed  High  Voltage 


OTHER:  A  paper  "Magnetic  Field  Gen¬ 
eration  in  Shockwaves,"  by  Carter, 
J.P.  and  Schwirzke,  F.  has  been  sub¬ 
mitted  for  piiblication  in  a  book 


Cnteract 


Phenomena .  Vol.  11,  H.  Hora  and  O.H. 


Miley,  eds. 


DOD  EKY  THCHMOLOer:  Other. 


KEYWORDS:  High  Voltage  Breakdown, 

Cathode  Spots,  and  Vacuum  Diode. 
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THK  BIRTHS  OF  JKT  DROPS  FR(M>  «TmHT.Kg 
BURSTmG  OM  WXTER  SURPACKS 
D.B.  Spiel,  Research  Associate  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Office  of  Naval  Research 


OBJBCTZVBi  Derivation  of  the  aerosol 
source  function  for  ocean  whitecaps. 

SQMBkRTi  The  droplets  produced  by 
bubbles  bursting  on  the  surface  of 
the  sea  are  inportant  to  air -sea 
exchanges.  To  understand  this  ex¬ 
change  requires  a  knowledge  of  the 
slse  and  ejection  speeds  of  both  jet 
and  filsi  drops  as  a  function  of  bub¬ 
ble  slse.  until  recently  there  has 
been  scant  data  on  these  important 
parameters.  Development  of  new  tech¬ 
niques,  however,  has  allowed  the 
simultaneous  measurement  of  both 
droplet  sixes  and  ejection  speeds  for 
all  the  jet  drops  produced  by  a  col¬ 
lapsing  bubble.  In  addition  to  the 
determination  of  droplet  sizes  and 
ejection  speeds,  the  height  above  the 
surface  and  the  time  (measured  from 
the  first  moment  of  burst)  at  which 


the  top  drop  separates  from  the  as¬ 
cending  jet  have  been  measured  as  a 
function  of  parent  bubble  size. 

POBLICXTIOHS:  Spiel,  D.I.,  "The 
Number  and  Size  of  the  Jet  Drops 
Produced  By  Air  Bubbles  Bursting  on  A 
Fresh  Water  Surface,"  Journal  of 
Geophysical  Research.  Vol.  99,  pp. 
10289-10296,  1994. 

Spiel,  D.B.,  "The  Sizes  of  the  Jet 
Drops  produced  By  Air  Bubbles  Burst¬ 
ing  on  Sea  and  Fresh  Water  Surfaces," 
Tellus.  in  press. 

DOD  KBT  TBCBMOLOOr  ABBAt  Invironmen- 
tal  Effects,  Other. 

nnrwoRDS;  Bubble,  Jet  drop.  White- 
cap. 
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A  M«lf  METHODOLOGY  FOR  SUPPORTIMG  C3I  RBQPIgMnnwg 
J.  Sternberg,  Professor 
R.  Tbackeray,  Adjunct  Research  Professor 
Department  of  Physics 

Sponsor  and  Funding:  Director,  Net  Assessment,  OSD 


OBJKTXVBt  Th«  goal  of  this  project 
la  to  develop  and  exorcise  a  new 
methodology  for  assessing  the  contri¬ 
bution  of  non-organic  sensor  informa¬ 
tion  on  the  effectiveness  of  a  battle 
force  idiich,  for  example,  is  suitable 
for  use  in  justifying  C3Z  require¬ 
ments. 

snsnSTt  A  new  three  element  method- 
ology  is  being  developed  to  achieve 
the  program  objective.  The  key  ele¬ 
ment  of  the  methodology  is  a  unique 
wargams  in  which  the  non-organic 
information  can  be  treated  as  the 
experimental  variable  affecting  the 
tactical  choices  made  by  the  command¬ 
ers.  The  awthodology  has  been 
adapted  to  contingency  operations 
including  strikes  ashore  and  anti- 
air  warfare  in  a  littoral  environ- 
awnt.  The  modifications  to  the  game- 
stvport  software  package  have  been 
tasted  and  perform  to  current  speci¬ 


fications.  A  full  systasw  test, 
using  officers  with  carrier  battle 
group  experience  as  players,  is  in 
the  planning  stage.  Following  any 
further  modifications  resulting  from 
the  test  program,  the  methodology 
will  be  applied  to  a  selected  real- 
world  problem. 

OTHBR:  Progress  during  this  period 

has  been  documented  in  a  series  of 
working  papers  and  reports  covering 
the  development  and  results  of  the 
software  testing  program,  the  genera¬ 
tion  of  manual  AAN  models  to  siqpport 
the  system  tests,  the  rationale  for 
the  design  of  message  flows  in  the 
simulation  of  the  performance  of  the 
"TRAP"  system,  etc. 

DOD  KXY  TXCBHOZ/JOT  ABBA:  Other. 

KKXUORDS:  C3I,  Hargaad.ng,  and  Re¬ 

quirements. 
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ATMOSPHmC  CHmACTKRIZATIQM  FOR  THK  AIR  FORCE 

mSERTIOM  PROGRAM 


D.L.  Walters,  Associate  Professor 
Departaent  of  Physics 

Sponsor  and  Funding:  17. S.  Air  Force  Phillips 
Laboratory,  Kirtland  Air  Force  Base,  IBf 


OBJBCTlVBt  The  Naval  postgraduata 
School  had  tha  alaaion  to  davalop 
high  raaolution  proba  aanaora  and 
parfota  aaasuraaanta  of  atrato-sphar- 
lo  turbulaaca. 

SasaUKTi  During  FY  94,  the  US  Air 
Porea  Phillipa  Laboratory  and  tha 
Balliatie  Miaaila  Dafanaa  Offlca 
aatabliahad  tha  Airboma  Laaar  Tach- 
nology  Znaartion  Program.  Early 
analyaaa  ahowad  that  atmoapharic 
turbulanea  along  haar  horizontal 
100-500  km  patha  in  tha  atrato-aphar- 
ic  waa  a  critical  iaaua  that  had  to 
ha  raaolvad  in  ordar  to  puraua  an 
airboma  laaar  option.  Zn  July  1992, 
tha  Phillipa  laboratory  initlatad  a 
thraa  prongad,  aircraft,  balloon, 
optical  maaauramant  program.  NPS  had 
tha  task  of  awking  aioaauramanta  of 
tha  sagnituda  and  apatial  apactriim  of 
turbulanea  in  tha  atratoapharic  uaing 
balloon  probaa.  During  Auguat-Octo- 
bar  NPS  davalopad  a  faw  atratoa-pher- 
ie  proba  aanaor  packagaa.  A  joint 
NPS  balloon  USAP  KC-135  miaaion  oc- 
eurad  ovar  Montaray  on  3  November 

1992.  On  13-14  December . a  joint 

NPS,  Air  Porea  Gaophyaica  Laboratory 
ecepanion  calibration  occurred  with 
two  different  balloon  ayatama.  Dur¬ 
ing  19-31  January  1993,  NPS  launched 
6  raaaareh  proba  packagaa  aa  a  part 
of  tha  key  program  miaaion  tha  ABBL-X 
miaaion  at  Malmatrom,  APB,  Montana, 
as  two  aircraft  saparatad  by  50-100 
km  collected  laser  scintillation 
data.  During  February  and  March 

1993,  NPS  davalopad  tha  technique  of 
using  two  balloons  to  collect  data  on 
both  tha  ascent  and  dascant  phases  of 
a  launch.  A  second,  independent 


Airborne  Laser  amaaur ament  program 
was  tha  development  and  axaeutlon  of 
acoustic  sounder  aMasurament  for  a 
laser  propagation  stratospheric  simu¬ 
lation  test  in  August  -  October  1992, 
at  the  USAP  Starflra  Optical  Range, 
NM. 

PUBLZCATZOMS:  Krausa-Polstorf f ,  J., 
Murphy,  B.A.,  and  Naltars,  D.L., 
"Instrument  Companion i  Corrected 
Stellar  Scintlllomatar  versus  Zsopla- 
nometar,"  Apnliad  Optics,  Vol  32,  Ho. 
21,  pp.  4051-4057,  July  1993. 

Naltera,  D.L.,  "Maasuraamnts  of  Opti¬ 
cal  Turbulence,  Using  Higher  Ordar 
Structure  Functions,"  Anpliad  Optics. 
July  1993. 

aMPXRRNCB  nMsmmaxamBt  waiters, 
D.L.,  "NPS  Balloon  Maasuremant  Sta¬ 
tus,"  briefing  to  BMD  Office,  Phil¬ 
lips  Laboratory,  28  MOvaad>ar  1992. 

Walters,  D.L.  and  Oalarowits,  D. 
"Stratospheric  Balloon  NaasurasMats,  * 
Airborne  Laser  Data  Review  with  In¬ 
dustry,  Kirtland  Air  Porea  Base,  Vol. 
2,  April  1993. 

TEXSBS  DIRHCTBDi  Oast,  V.  J. ,  LT, 
USN,  "Characterization  of  Atmospheric 
Turbulence  for  High  Resolution  Imag¬ 
ing  and  Laser  Propagation  Objaetive,* 
Master's  Thesis,  Dacambar  1992. 

Roper,  D.  S.,  CPT,  DSAR,  "Investiga¬ 
tion  of  Systematic  Bffaets  in  Atmo¬ 
spheric  Microthazmal  Proba  Data, " 
Master's  Thesis,  Dacambar  1992. 
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Chmrry,  D.  A.,  lUUr,  USAR,  -Calibra¬ 
tion  of  a  High  rraquancy  Monostatle 
Aeouatle  Ichoooundar, -  Mastar's  Tha- 
sla,  Juna  1993. 

O'Briaa,  M.  P..  AT,  USN,  -Davalopmant 
of  Tbaroaonda  Mathods  for  tha  Collac- 
tlon  of  High  Rasolution  Optical  Tur- 
bttlMiea  Profilas,"  Maatar'a  Thaala, 
JUna  1993. 

DOO  m  TMBKniOBT  ARBAt  Sansora. 

xmongt  Stratoapharlc  Turbulanca 
and  Balloon  Sanaors. 
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DEVBI.OPIIKIIT  OF  AXJTQMKTKD  METHODS  FOR 

TRAMSDUCKR  PERTORMANCB  MONITOBIHa 
O.B.  Wilson,  Professor 
S.R.  Baker,  Associate  Professor 
Department  of  Physics 

Sponsor:  Naval  Sea  Systems  Command  PM-390-TG4 


OBJICTXVBt  Th«  obj  active  of  this 
research  program  ia  to  develop  and 
apply  automated  methods  for  the  test¬ 
ing  of  submarine  sonar  transducers  as 
installed  in  the  stibmarine.  This  has 
been  a  continuing  project. 

SnaOkKr:  Procedures  for  measuring 
the  electrical  properties  of  trans¬ 
ducers,  developed  at  NFS,  are  part  of 
a  Complex  lanaittance  Measurement 
(CIM)  system.  The  CIM  software  for 
the  DT-605  hydrophone  was  used  in  the 
laboratory  to  study  the  effects  of 
aafblent  temperature  on  the  electrical 
properties  of  this  hydrophone.  It  is 
suspected  that  hydrophones  subjected 
to  extreme  cold  or  hot  temperatures 
could  lead  to  adverse  interpretation 
of  the  results  of  such  measurements 
made  at  dock-side.  Bguivalent  elec¬ 
trical  circuit  parameters  for  the  OT- 
605  may  be  extracted  from  measure¬ 
ments  of  its  input  electrical  imped¬ 
ance.  Four  I>T-605  hydrophones  were 
tested  over  a  range  of  tenperatures 
in  air  and  the  equivalent  network 
parameters  were  determined  using  a 
nonlinear  least-squares  curve  fitting 
procedure.  The  ispedance  magnitude 
at  the  nominal  operating  frequency 
and  low  frequency  resistance  were 
also  measured.  An  approximate  linear 
dependence  of  the  parameters  on  tem¬ 
perature  was  observed  for  both  the 
wide  beam  and  narrow  beam  subarrays 
of  the  X>T-605  hydrophone. 

Software  for  conducting  in-service 
testing  of  DT-574  and  TR-317  sonar 
sensors,  previously  developed  at  NFS 
for  use  in  the  CIM  System,  was  adapt 


ed  for  use  with  a  newly  developed 
switchbox.  under  cosputer  control, 
this  box  switches  connections  between 
measuring  instruments  and  the  trans¬ 
ducer  elesients  in  an  array  and  per¬ 
mits  the  autosmtad  collection  of  data 
on  the  array  element  properties. 
This  automated  CIM  test  will  be  able 
to  reduce  the  amount  of  time  ai:d 
manpower  presently  required  by  con¬ 
ventional  methods  while  eliminating 
nearly  all  errors  incurred  from  manu¬ 
al  tabulations.  A  field  test  was 
conducted  onboard  an  Ohio -class  sub¬ 
marine  and  the  s^dified  software  was 
verified.  A  new  portable  laptop  PC 
running  the  CIM  software  under  High- 
Tech  (HT)  Basic  was  used  as  the  con¬ 
troller  in  these  field-tests. 
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DEPARTMENT  OF  SYSTEMS  MANAGEMENT 


Th«  Ocpartownt  o£  Systems  Management  is  responsible  for  academic  programs 
designed  to  educate  officers  and  DoD  civilians  In  a  variety  of  functional 
management  specialties.  The  diversity  of  the  faculty's  professional  ei^ertiso 
and  scholarship  Is  reflected  in  the  wide  variety  of  research  projects  conducted 
in  the  department. 

In  addition  to  pemuuient  faculty,  the  department's  research  efforts  have  been 
augmented  by  the  participation  of  a  niimber  of  adjunct  professors.  The  research 
projects  cover  a  broad  range  of  defense-related  management  issues,  ranging  from 
basic  scholarly  research  projects  to  applied  research  designed  to  assist  policy 
makers  and  operational  decision  makers.  For  ease  of  exposition,  the  research 
projects  are  grouped  into  the  following  functional  areas:  acquisition  and 
contracting;  logistics  and  transportation;  information  and  technology  management; 
financial  management;  manpower,  personnel,  and  training  analysis;  Organization, 
managesient  and  policy  analysis. 


ACQUISITION  AMD  CONTRACTING 

Professor  D.  Lamm  continued  his  research  project  to  identify  and  exaaiine  various 
characteristics  of  the  contracting  profession  through  the  development  and  use  of 
the  taxonomical  approach.  The  research  effort  involves  three  studies:  in  the 
first  a  classification  scheme  was  developed;  in  the  second,  specific  homogeneous 
goods  with  specific  sets  of  buyers  were  examined;  and  in  the  third.  Professor  Lam 
examined  the  practical  applications  and  benefits  that  c<ui  be  gained  through  use 
of  the  taxonomy.  In  a  second  research  project.  Professor  Lam  exasdned  the  use 
of  the  simulated  negotiation  method  in  preparation  for  contract  negotiations. 

Professor  O.D.  Moses  continued  his  program  of  research  on  the  performance  of  cost 
estimation/cost  progress  models.  The  goal  of  this  year's  effort  was  to  assess 
the  forecast  accuracy  and  reliability  of  alternative  cost  prediction  models. 


LOGISTICS  AND  TRANSPORTATION 

Professor  A.  MOMasters  continued  a  multi-year  project  sponsored  by  the  Navy 
Supply  System  Conmuind  to  develop  a  wholesale  level  inventory  model  to  be  used  by 
the  Navy  to  replenish  inventories  of  repairable  items.  In  this  year's  effort, 
he  concentrated  on  determining  the  distribution  of  net  inventory  and  the 
relationship  between  the  mean  and  varieuice  of  the  net  inventory  distribution  as 
a  fiinctlon  of  the  various  important  parameters  used  by  the  Navy  in  its  management 
of  such  it  Jis.  In  a  second  continuing  project  funded  by  Naval  Air  Systeais 
Comsumd,  Professor  McMasters  is  developing  models  to  predict  the  savings  in  life¬ 
cycle  costs  of  proposed  engineering  changes  intended  to  improve  reliability, 
Biaintalnabillty,  and  sustainability  of  turbine  aircraft  engines  for  Naval 
aircraft.  The  first  phase  of  this  multi-year  project  examined  current  lifecycle 
cost  models.  The  second  phase  is  to  validate  the  actual  costs  and  logistics 
effectiveness  of  the  aircraft  engine  Component  Improvement  Program  (CIP)  by 
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looking  at  historical  data.  A  third  phasa  was  added  this  past  year  to  address 
the  problem  of  justifying  warranties  on  aircraft  engines. 


Vrofessor  Oawid  Broun  was  involved  in  a  research  effort  to  examine  and  compare 
two  procedures  for  specifying  safety  stock,  namely,  unit  stockout  cost  and 
probability-of-stockout.  Professor  Brown  is  also  engaged  in  research  to  continue 
the  development  of  detailed  track  inspection  procedures  designed  to  support 
uintenance  management  of  Q.S.  Army  railroad  networks,  and  to  effectively 
coanunicate  these  procedures  to  potential  users. 

The  Amy  Strategic  Logistics  Agency  is  sponsoring  an  iimbrella  research  project 
that  funds  three  research  efforts:  (1)  Professor  Rick  Rosenthal's  project  on 
capital  budgeting  for  research  and  development;  (2)  Professors  Roger  and  ULao's 
research  to  assess  Depot  maintenance  Models;  and  (3)  Professor  Dolk's  project  on 
Biodel  integration  of  Depot  Maintenance  Con^uter  Models. 


lligOiaiA.TIQil  TECHNOLOGY  MAWiGBMEMT 

The  Office  of  Technical  Integration  &  Interoperability,  OSD  sponsored  a  project 
led  by  Professors  James  Rnery  and  Danl  Zweig  to  exaad.ne  the  use  of  the 
programnd.ng  language  Ada  for  developing  automated  information  systasu  (AI8) 
within  DoD,  giving  consideration  to  alternative  languages  and  approaches  for 
application  software  development. 

Professor  Hotman  Schneldewlnd  continued  his  highly  visible  research  work  of 
software  reliability  models.  His  current  project  is  sponsored  by  the  Naval 
Surface  Warfare  center,  and  involves  the  development  of  a  methodology  for 
applying  metrics  across  multiple  projects.  Professor  Schneldewlnd  was  also 
involved  on  a  continuing  research  program  to  liq>rove  the  prediction  accuracy  of 
a  previously  published  Local  Area  Network  (LAN)  perfomance  aodel. 

Professors  William  Baga  and  Kenneth  Buske  collaborated  on  a  research  project  to 
iaprove  the  process  is^rovement  process.  The  project  is  funded  by  the  Office  of 
Director  of  Defense  Information.  The  specific  goal  of  this  project  is  to  develop 
the  redesign  Experts  and  Practices  (REAP)  database  to  support  DoD  functional 
managers  in  undertaking  business  process  re-engineering. 

In  a  project  sponsored  by  the  D.S.  Space  Command,  Professors  Magdi  Kamrnl*  Dam 
Dolk  and  Tung  Bui  developed  a  prototype  decision  support  system  (DSS)  to  measure 
the  trade-off  between  military  satellite  commiinications  capabilities  and  user 
requiresients  for  those  capabilities.  This  effort  requires  the  integration  of 
several  DSS's  and  their  associated  databases  into  a  user-friendly  coaprehenslve 
system. 

Professor  Klshore  Sengvqpta  and  Anthony  Clavarelli  (of  the  Aviation  Safety  Office) 
continued  research  on  a  project  to  develop  a  multimedia-based  intelligent 
tutoring  system.  The  system  is  for  training  aviators  in  the  acquisition  and  use 
of  perceptual  skills  required  in  flying  with  night  vision  devices.  The  project 
has  been  f\inded  by  the  Naval  Air  Systems  Command. 
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ProfMsor  Raasah  contlnuad  a  aniltl-yaar  pro j  act  aponsoradi  by  tha  Naval  Surfaca 
Warfara  Cantar  to  davalop  modala  and  awchanlaaia  for  ra<iulraMnta  tracaability  in 
larga  acala  ayatana  davalopmant.  Thia  yaar'a  affort  Involvad  in  a  at\idy  of  tha 
currant  practices  in  DoD  and  contracting  organisationa  involvad  in  developing 
larga  acala  coiq>lex  ayataaa  and  tha  davalopMnt  of  a  aodal  of  an  iag^rovad 
traceability  achame.  In  a  related  atudy  on  capturing  and  raaaoning  with  daaign 
rationale  in  ayatema  davalopmant,  Profaaaor  RaaMah  conplatad  tha  davalopmant  of 
tha  RNMhP  (Representation  and  maintenance  of  Procaaa  Xnowladga)  modal.  Thia 
BK>dal  and  aupporting  machaniama  have  bean  incorporated  in  tha  U.S.  Air  Force  Roma 
Laboratory' a  next  generation  CASK  (Computar  Aided  Software  Snglnaarlng) 
prototype . 

Profaasors  Dam  Dolk,  S.  Liao,  D.  Roger,  and  M.  Aekroyd  worked  on  a  raaaarch 
project  to  review  emd  analyze  the  exiating  veralon  of  PMSDA'a  Depot  Maintenance 
Raaourca  Prediction  Modal  (DMRPM)  .  Thia  raaaarch  will  uaa  data  related  to  coaribat 
vehicles  to  identify  and  validate  tha  resource  predictive  algorithms,  and  to 
Identify  additional  decision  needs  of  current  users  and  areas  for  rafinamant. 

Tha  U.S.  Coast  Guard  is  sponsoring  two  research  projects  lad  by  Profaaaor  Baaant 
Bhargava.  The  objectives  of  the  first  project  are  to  davalop  an  overall  software 
architecture,  an  algebraic  modeling  language  and  a  data  BK>dallng  language  for  an 
integrated  modeling  environment  for  use  in  the  D.S.  Coast  Guard.  Tha  second 
project  has  two  objectives:  (1)  to  explore  and  examina  systaMtlc  ways  to  address 
tha  problem  of  fleet  mix  planning  in  tha  D.S.  Coast  Guard,  and  (2)  to  design, 
iaqplamant,  test  and  evaluate  models  for  flaat  atix  planning  in  tha  Coast  Guard. 


FINANCIAL  MAMAGKMKHT 

The  National  Industrial  Security  Program  sponsored  Professor  J.O.  San  Migusl  to 
conduct  a  field  research  at  a  sanqple  of  defense  contractors  to  gather  information 
from  Industry  executives  on  the  nature  of  security  costs  Incurred  on  federal 
security  requirements,  the  coa^onents  of  security  costs,  the  accounting  treatsMnt 
for  security  costs,  and  the  reporting  of  security  costs.  Professor  San  Miguel 
is  also  Involved  in  a  research  project  to  develop  a  now  approach  to  profit 
variance  analysis  that  incorporates  new  theories  concerning  cost  definitions, 
aggregation,  and  cosiq>etitlve  analysis.  This  project  is  sponsored  by  the  Activity 
Based  Management  Task  Force,  American  Institute  of  Certified  Public  Accountants. 

Professor  L.  Jones  is  involved  in  three  concurrent  research  efforts.  The  first 
is  a  continuing  research  project  to  assess  the  roles,  participants  and 
relationships  in  the  Navy  system  for  Ship  Maintenance  and  Repair  and  to  analyze 
Biethods  for  inq>roving  the  efficiency  and  cost  effectiveness  of  the  system. 
Selected  issues  in  programming  and  budgeting  for  ship  maintenance  and  repair  are 
also  examined.  The  objective  of  the  second  research  project  is  to  assess  the 
budget  and  the  impact  of  budget  reductions  in  the  AIRPAC,  PACFLT  command,  to 
assess  management  control  system  and  accounting  changes  to  respond  to  budget 
austerity  including  those  related  to  the  DMR  process  and  to  analyse  U.S. -Japan 
national  defense  resource  burden -sharing.  The  project  is  sponsored  by 
COMNAVAIRPAC.  The  goal  of  the  third  research  project,  which  is  sponsored  by  the 
Comptroller,  DoD,  is  to  assess  the  impact  of  budget  reductions  in  DoD  including 
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thoa«  ralatad  to  tha  DNR  procaas  and  to  conduct  a  survay  of  quality  aaaaaaaant 
In  DoD  rlnancial  Managaawnt  Education  and  Training  Inatitutiona . 

Profaaaor  K.  Buaka  la  continuing  a  raaaarch  project  aponaored  by  Coaaandar,  Maval 
Supply  Syatama  Cowmand .  The  apaclflc  objactivea  of  thia  raaaarch  project  arat 

(1)  Analyaa  the  currant  numagament  control  ayatem  supporting  the  RAMS  projaeti 

(2)  Rocaaaaand  adjuatinonta  to  that  ayataa  auch  that  the  output  of  the  ayataa  will 
provide  Infonaatlon  that  accurately  appraiaea  the  RAMP  project;  and  (3)  Rnaura 
that  the  ayatam  providaa  valid  and  reliable  infomiatlon  regarding  the  coat, 
af factivanaBB,  and  efficiency  of  the  RAMP  project. 


MMiPOIIgR.  PBRSQNMBL.  AMD  TRAHHMG  ANALYSIS 

Pxofasaor  Gaorga  Thaaaa  haa  refined  hia  nationwide  ineaBurementa  of  local  recruit 
auirkata  to  include  maaaurea  of  the  latent  civilian  aiarket  eligible  for  high  tech 
Navy  occupatlona,  aponaored  by  Navy  Recruiting  Coaimand  (NRC)  .  Hia  work  in  thia 
area  haa  become  an  induatry  Bt^uldard,  and  ia  uaed  to  drive  NRC  recruiting  modala. 
Profaaaor  Thomaa  ia  alao  developing  a  longitudinal  data  baaa,  for  U.8.  Army 
Reaerve  Peraonnal  Command  (ARPBRCBN) ,  to  atudy  life  cycle  participation  in  the 
Amy  active  and  Reaerve  forcea. 

Profassora  D.  Roger  and  S.  Liao  are  collaborating  on  a  raaaarch  project, 
aponaorad  by  the  Army'  a  Program  Management  Sy sterna  Development  Agency,  to  review 
and  analyze  the  exlatlng  veralon  of  the  Depot  Maintenance  Reaourca  Prediction 
Model  for  poaaible  refinement  and  enhancement. 

The  OSD  (Met  Aaaeaament)  la  aponaoring  Profaaaor' a  Gregory  Bildebrant  reaearch 
effort  to  invaatlgate  iaauea  aaaociated  with  the  maintenance  of  D.S.  military- 
technological  auperiority  into  the  twenty- first  century. 

Profeaaora  W.  Oataa  and  K.  Teraaawa  are  involved  in  a  project  aponaored  by  the 
Bureau  of  Maval  Peraonnel  to  help  develop  a  coat-effective  mix  of  drug  demand 
reduction  programa  in  DoD.  The  objective  ia  to  identify  the  charactariatica  of 
the  at-rlak  population  and  deaign  apecific  initiativea  to  efficiently  addreaa 
that  population. 

The  Deputy  Chief  of  Naval  Operatlona  (MPT)  Nl/BUPBRS  ia  the  aponaor  of  a  project 
that  provided  umbrella  funding  within  which  individual  pro j  acta  were  propoaed  and 
carried  out  by  individual  reaearchera.  Profeaaor  Mehay  coordinated  the  overall 
project  and  facilitated  Interactiona  between  individual  faculty  and  Nl/BDPRRS. 
There  are  two  apecific  aub-projecta .  The  firat  involvea  an  analyala  of  the 
detarmlnanta  of  the  declaion  by  enliated  personnel  to  voluntarily  aeparate  from 
the  Navy  in  reaponae  to  the  VSI/SSB  bonus  programs,  and  an  analysis  of  the  net 
effect  of  the  program  on  retention.  The  focus  of  the  second  sub-project  is  an 
analysis  of  the  propensity  for  nontraditional  occupations  among  women. 

Profoseor  Mark  Bltelberg  was  Involved  in  a  nxunber  of  research  projects  for  the 
Office  of  the  Secretary  of  Defense  (OSD),  including:  the  Commission  on  Family 
Status  and  Initial  Term  of  Service  (as  navy  representative  on  the  technical  panel 
and  director  of  the  study  of  policies  and  programa) ;  a  study  that  axaBd.nod  the 
history  and  current  status  of  the  All -Volunteer  Force  (commemorating  its 
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Cooparation  Program,  an  Intamatlonal  consortium  of  defensa  sclantista) . 

Profasaors  F.  Barratt  and  Gall  Tlkomas  ara  collaborating  on  a  projact  to  study  tha 
eausas  and  affacts  of  saxual  harassaiant  in  tha  0.S.  Navy. 

Profasaors  Kaabom  Kang  and  K.L.  Tarasawa  ara  collaborating  on  a  projact  sponsorad 
by  tha  U.S.  Army  Racruitlng  Command.  Tha  projact  has  two  objactlvas:  (1)  to 
davalop  a  transparant  and  documantabla  cost  par  output  mathodology  for  tha  0.S. 
Amy  racruitlng  actlvltlas;  and  (2)  to  identify  tha  areas  for  cost-savings  with 
tha  future  changes  in  recruiting  environment. 

Profassors  David  Mhlppla  and  Reuben  Harris  are  leading  a  multi-yaar  project  to 
davalop,  field  test,  and  inclement  a  comprehensive  Mavy-wida  executive  management 
davalopsiant  program  that  will  prepare  selected  Navy  health  care  managers  for 
axacutlva  positions  in  Navy  KTFs.  The  project  is  sponsored  by  tha  U.S.  Navy, 
Bureau  of  Medicine  and  Surgery. 


OMOAlilZATION.  MAlPlGBMEliT  AND  POLICY  A1IALY3IS 

Profassors  Susan  Page  BOcevar,  Gail  Fann-Tboaas,  and  Prank  Barratt  ara 
collaborating  on  a  research  project  sponsored  by  the  Naval  Air  Warfare  Canter, 
Aircraft  Division  to  gather,  sxunmarize,  and  interpret  eaqployee -based  data 
regarding  the  effectiveness  of  a  signifiewt  restructuring  that  occurred  in  1992. 
In  addition  the  research  team  will  continue  the  regular  administration,  analysis 
and  Interpretation  of  an  enqployee  Quality  of  Work  Life  Survey. 

Profasaors  C.  Jonas,  N.  Roberts,  and  K.  Sengupta  are  investigating  how  individu¬ 
als,  groups,  and  orgauiizatlons  make  decisions  in  military  and  DoD  related 
contexts  at  both  the  strategic  and  operational  levels  and  to  make  recosakandations 
for  laprovasiont.  The  sponsoring  organization  is  the  Naval  Oceans  Systems  Canter, 
San  Diego,  CA. 
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F. J.  Barrett.  Aealetant  Professor 

G. F.  TbamMUi  Associate  Professor 
Departaent  of  Systsas  Managsaent 

Sponsor  and  Funding  t  Naval  Postgraduate  School 


OBJSCTXVSi  Th«  goal  o£  this  projaet 
was  to  study  ths  causas  and  offsets 
of  ssxual  harassawnt  in  ths  US  Navy. 

SnSBUlT:  This  is  part  of  a  continu¬ 
ing  study  about  gondor  issues  in  ths 
US  Military.  For  this  study,  store 
than  100  SMn  and  women  Navy  and  Ma¬ 
rino  officers  ware  interviewed.  In- 
depth,  semi -structured  interview 
protocols  were  designed  to  elicit 
general  views  as  well  as  detailed 
aceoxinta  of  the  experiences  of  female 
and  male  officers.  Bach  interview 
was  1-3  hours  in  length.  Qualitative 
data  analysis  identified  common  re¬ 
curring  themes. 

Themes  included  how  men  view  women's 
increased  integration  in  the  Navy  and 
Marines  as  well  as  women's  response 
to  their  treataient  in  a  hyper -laascu- 
line  environment. 

OQMFKRMHCB  PRBSBNTATIONS :  Thomas, 
O.F.  and  Barrett,  F.J.,  "The  Con¬ 
struction  of  Gender  in  the  United 


States  Navy, ■  Association  for  Busi¬ 
ness  Communication,  Western  Regional 
Meeting,  San  Francisco,  CA,  March 
1993. 

Barrett,  F.J.,  "Construction  of 
Masculinity, ■  Conference  on  Social 
Construction,  MB,  June  1993. 

Thomas,  O.F.  and  Barrett,  F.J.,  "The 
Construction  of  Fsadnlnity  in  a  Hy¬ 
per-Masculine  Organisationt  The  US 
Navy, ■  Association  for  Business  Com¬ 
munication,  Annual  Convention,  Mon¬ 
treal,  Canada,  November,  1993. 

THB8XS  DXRHCIHDt  Bmst,  R.W.  and 
Oilbeau,  R.J.,  LT,  U8N,  "Gender  Bias 
in  the  Navy,"  Master's  Thesis,  June 
1993. 

Doo  xnr  raamoioat  arbas  other. 

KNXWORDS:  Woman  in  the  Military, 
Sexual  HarassBMnt. 
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NBWCOIIKR  SURPRISES  AM  ETTKIISIOM  AMD 
KXPLORATIOif  OF  LOUIS*  CC3iiCEPTPM.IZATI0M 
J.R.  Barrios-Oipplin,  Visiting  Assistant  Professor 
Oepartaent  of  Systeas  Msnsgaaent 


Sponsors  and  Funding:  Naval  Postgraduate  School, 
University  of  Texas,  and  the  Dhiversity  of  Arlxona 


OBJSCTIVB:  Th«  purpose  was  to  extend 
newcoaMr  socialisation  research  as  it 
relates  to  organizational  surprise. 

SmaORT:  The  study  found:  over  half 
of  newcomer's  surprises  were  pleas¬ 
ant;  over  10%  occurred  prior  to  re¬ 
porting  to  their  jobs;  the  main  sour¬ 
ces  were  suuiagers  and  supervisors; 
the  awin  topics  were  status  and  car¬ 
ing;  the  main  effects  were  emotional; 
and  a  significant  number 


of  surprises  were  totally  unexpected, 
versus  unmet  eiqpectations . 

OXHUt  Paper  suhadtted  to  the  1994 
Academy  of  Management  National  Con¬ 
ference  . 

DOO  KR  TNCHNOUGr  ANNAi  Other. 

KRNOBDSi  Newcomer  Socialisation, 
TJnmat  Expectations,  Surprise. 
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Tlfpyapmnm  linnitT.Tiig  T^ff  n,ff, 

H.K.  Bhargava,  Assiff-^^nt  Profasaor 
Departaant  of  SystaAS  MajUigeMnt 
Sponsor  and  Funding:  U.3.  Coast  Guard 


OBjaCTZVBs  Th«  objectives  of  this 
project  were  to  develop  an  overall 
software  architecture,  an  algebraic 
oodellng  language  and  a  data  sideling 
language  for  an  integrated  modeling 
environment  for  use  in  the  X3.3.  Coast 
Guard.  Related  topics  Included  de¬ 
velopment  of  methods  for  model  ver¬ 
sion  management,  model  validation, 
and  for  representation  of  assvuig>tlon 
in  iBodellng  languages. 

finSMUFT  Modeling  environments 
should,  insofar  as  possible,  support 
Bkodellng  activities  throughout  the 
modeling  life  cycle,  assisting  model¬ 
ers  in  creating,  validating,  execut¬ 
ing,  manipulating,  revising,  and 
explaining  models.  Executable  model¬ 
ing  languages  have  proved  useful  in 
creation  and  execution  of  mathemati¬ 
cal  models.  This  research  extends 
modeling  languages  by  adding  features 
for  model  validation  (via  the  use  of 
dimensional  analysis)  and  for  repre¬ 
senting,  and  reasoning  with,  assump¬ 
tions  underlying  models.  These  fea¬ 
tures  were  implemented  in  a  prototype 
modeling  environment  based  on  the 
embedded  languages  technigue,  using 
Mathematics  as  a  modeling  language 
and  solver. 

PGBUChTKmS :  Bhargava,  H.K.  and 
Kimbrough,  S.O.,  "Model  Management: 
An  Embedded  Languages  Approach, " 
Decision  Support  Systems.  Vol.  10, 
No.  3,  pp.  277-300,  1993. 


Bhargava,  H.K.,  "Dimensional  Analysis 
in  Mathematical  Modeling  Systou:  A 
Simple  Numerical  Method, "  0R8A  Jour¬ 
nal  of  Computina.  Vol.  5,  MO.  1,  pp. 
33-39,  1993. 

OOMFKRMMCB  rRMSBRAnOMB:  Bhargava, 
H.K.,  Krlshnan,  R.,  and  Muhana,  N., 
"On  Interconnection  Languages  in 
Modeling  Environments, "  ORSA/TXMS 
Joint  National  Meeting,  Phoenix,  AZ, 
November  1993 . 

Bhargava,  H.K.,  Xrishnan,  R.,  and 
Muhanna,  W. ,  "A  Type  System  for  Inte¬ 
grated  Modeling  Environments, "  ORSA/- 
TIMS  Joint  National  Meeting,  Phoenix, 
AZ,  November  1993. 

Bhargava,  H.K.  and  Krlshnan,  R.,  "On 
the  Representation  of  Assimptions  in 
Modeling  Languages, "  ORSA/TIMS  Joint 
National  Meeting,  Chicago,  IL,  May 
1993. 

Bhargava,  H.K.,  Krlshnan,  R.,  and 
Hhinston,  A.B.,  "On  Integrating  Mod¬ 
eling  and  Collaborative  Technology, " 
Fourth  Conference  on  Organisational 
Cosputing,  Collaboration  and  Cosmnmi- 
cation,  Austin,  TE,  March  1993. 

DOD  KET  TBCHMOLOOr  AREA:  Software. 

KEZNDRD8:  Modeling  Languages,  Dimen¬ 
sional  Analysis,  Version  Management. 
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H.K.  Bhargava,  Assistant  Professor 
K.  Kang,  Associate  Professor 
D^artment  of  Systems  Management 
Sponsor  and  Funding:  U.S.  Coast  Guard 


OBJBCTXVBt  Th«  objactlvas  of  this 
project  wars:  (s)  to  explore  and 
examine  systematic  ways  to  address 
the  problem  of  fleet  mix  planning  in 
the  U.S.  Coast  Guard,  and  (b)  to 
design,  implement,  test  and  evaluate 
models  for  fleet  mix  planning  in  the 
Coast  Guard. 

SQHaunrx  Fleet  Bilx  planning  Involves 
determining  the  "optimal"  configura¬ 
tion  of  a  fleet,  in  terms  of  the  type 
of  assets  within  the  fleet  and  the 
nuB^ers  of  each  type,  that  an  organi¬ 
sation  must  hold  in  order  to  optimise 
its  defined  objective  satisfying  the 
various  environmental  and  organisa¬ 
tional  constraints.  Literature  on 
fleet  planning  in  various  sorts  of 
organisations  was  examined.  We  de¬ 
veloped  and  evaluated  skathesMtical 
models  for  determining 


the  Coast  Guard's  fleet  under  several 
assus^tions  of  sdaslon  needs,  ilamsnil 
projections,  and  asset  utilisation. 

COMmiacs  PSSSBRArzonx  Bhargeva, 
H.K.  and  Kang,  K.,  "Models  for  Fleet 
Mix  Planning  in  the  U.S.  Coast 
Guard, "  presented  to  the  Coast  Guard 
Headquarters  Office  of  Acquisition, 
and  the  Coast  Guard  R  &  D  Center, 
March  1993. 

Bhargava,  H.K.,  "Fleet  Mix  Planning 
in  the  U.S.  Coast  Guard,"  The  Mether- 
lands  Orguisation  for  Applied  Scien¬ 
tific  Research  (FBL-TNO) ,  Den  Haag, 
May  1993. 

DOD  KXT  TRCHMOLOar  ARRAx  Software. 
KEYWORDS:  Fleet  Mix  Planning. 
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AUTQiiOIIDUS  FORCES  IN  COMBAT  SIMDLATKMf  SYSTgMS 
H.K.  Bhargava,  Assistant  Professor 
DepartsMnt  of  Systems  Management 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJBCTXVSt  Tha  objectives  of  this 
project  to  design  and  develop  a  par¬ 
ticular  intelligent  autonomous  force 
program  for  use  in  conjunction  with 
the  MPSNKT  coodsat  simulation  system, 
and  to  investigate  the  coordination, 
coBsmnd  and  control  of  stultiple  au¬ 
tonomous  forces . 

SOMBET:  The  MPSNBT  project  at  the 
Naval  Postgraduate  School  has  ad¬ 
dressed  the  modeling  of  combat  forces 
consisting  mainly  of  tanks,  trucks, 
helicopters  and  airplanes.  Simulated 
battles  are  carried  out  between  op¬ 
posing  groups  of  combat  forces  with 
assumptions  about,  and  representa¬ 
tions  of,  the  overall  scenario,  bat¬ 
tlefield,  terrain,  com¬ 


munications,  and  other  relevant  fac¬ 
tors.  This  research  extends  this 
system  by  adding  autonomous  forces, 
forces  controlled  and  represented  by 
computer  programs  which  make  tha 
"battlefield  decisions"  for  these 
forces . 

THESIS  DISNCRD:  Jacobs,  R.h.  and 
Steiner,  J.P.,  "Improvements  to  Au¬ 
tonomous  Forces  through  the  Use  of 
Genetic  Algorithsia  and  Rule  Base 
Enhancement,"  Master's  Thesis,  March 
1993. 

DOD  KBT  TBCHNOLOGT  ARXA:  Software. 

KEYWORDS:  Combat  Simulation,  Autono¬ 
mous  Agents. 
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DEPOT  MAIHTKliMICE  RBSOURCF  PBgPTOTIOM  MODEL; 
VALIDATiaM.  EEFIMEMEMT.  AMD  BHHAliCEilEliT 
D.C.  Boger,  Professor  of  Bconoalcs 
D.R.  Dolk«  Professor 
S.S.  Liao,  Professor  of  Accounting 
M.H.  Ackroyd,  Associate  Research  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  Program  Management  Systems  Developmmnt 
Agency,  Headquarters,  Department  of  the  Army 


OBJECnVBt  The  goal  o£  thla  project 
la  to  ravlaw  and  analyze  the  existing 
varaion  o£  the  Depot  Maintenance 
Raaourca  Prediction  Model  £or  possi- 
bla  raflnaaant  and  enhancement.  This 
project  la  continuing  into  the  next 
fiacal  year. 

SaaOUtT:  The  principal  locus  o£  this 
research  project  is  on  the  data, 
quantitative  methods,  and  algorithms 
o£  the  modal.  The  research  is  using 
data  from  combat  vehicles  £md  air¬ 
craft  to  identify,  validate,  and 
refine  the  predictive  algorithms  o£ 
the  model.  The  research  will  identi¬ 
fy  additional  decision  needs  of  cur¬ 
rent  Army  users  (ODCSLOG,  ASA(FM)  ,  HQ 
AMC)  and  decision  needs  of  other 
potential  DoD  users.  The  feasibility 
of  use  of  operational  availability 


data  within  the  model  will  be  evalu¬ 
ated.  Additionally,  those  parte  of 
the  model  which  can  support  optimiza¬ 
tion  algorithsks  will  be  identified, 
and  in^licit  constraints  tdilch  the 
data  structure  places  on  optimisation 
within  the  model  will  bo  assessed. 
Additional  questions  which  ad.ght  be 
answered  by  the  model  will  be  identi¬ 
fied. 

OTHER:  A  technical  report  is  in 
progress  and  will  be  completed  at  the 
end  of  the  project. 

DOD  KEY  TECHMODOGT  AREAS:  Computers, 
Software,  Other. 

KEYMORDS:  Model,  Depot  Maintenance, 
Resource  Requirements,  Decision  Sup¬ 
port,  Validation. 
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TH8  HfTKRlIM.  DTOMICS  OF  TWO  mVEWTORT-TOBORKTlC 
FMtlGar  SlHVTr* 

D.G.  Brom,  Visiting  Assistant 
DepartSMnt  of  Systeas  Nanagsaent 
(Unfunded) 


OaJSCrxVBt  within  th«  Invantory- 
th«or«tle  transportation  lltaratura, 
unit  atoekout  cost  and  probability* 
o£-stockout  arc  tha  most  popular 
proeaduraa  for  spaclfylng  aafaty 
stock.  Tha  goal  of  this  pro j act  was 
to  axasdna  and  compara  thasa  two 
proeaduraa  with  raspact  to  crltarla 
prlawrlly  baaad  on  mlcroaconomlc 
problaas  such  as  carrlar-cholca  and 
tha  problaa  of  sdnlislzlng  tha  sum  of 
shlppar  Invantory  and  carrlar  costs 
with  raspact  transportation  sarvlca 
quality. 

SQHIkKXt  Tha  Intamal  dynaiolcs  of 
both  proeaduraa  wars  axasiinad  and 
eeoqtarad  graphically,  and  with  appli¬ 
cation  axasqtlas  basad  on  Invantory 
cost  surfaeas.  Tha  principal  finding 
was  that  anomalies  found  associated 
with  tha  probablllty-of-stockout 
procedure,  and  thalr  liiq>llad  lBq>act 
on  application  solutions,  severely 
llsilts  tha  usefulness  of  that  proca- 
dwa.  A  second  finding  challenged 
tha  coBOBon  assuiiq>tlon  that  safety 
stock  always  Increases  with  shipper 
Invantory  cost.  In  addition  to 
lalcroaconomlc  problems  such  as 


those  presented  above,  tha  results 
have  lsq>llcatlons  for  other  applica¬ 
tions  such  as  shlppar -decision- sup¬ 
port  for  carrlar-cholca.  A  third 
procedure  using  fill  rata  was  also 
examined  to  a  llsdtad  extant. 

A  conference  presentation  basad  on 
most  of  thasa  results  was  given  In 
May.  Subsequent  activity  during  1993 
was  primarily  directly  towards  fill¬ 
ing  in  gaps,  and  developing  a  re¬ 
search  paper  based  on  this  work. 

COWraBJBRCB  PUSSWTATICait  Brown, 
D.G.,  "An  Bvaluation  of  Two  CoasMn 
Inventory-Theoretic  Procedures  for 
Freight  Service  Choice  Problems," 
TIMS/ORSA  Joint  National  Meeting, 
Chicago,  IL,  Spring  1993. 

OTHER:  The  Investigator  Is  preparing 
a  paper  based  on  those  results  for 
submission  to  a  reforood  research 
journal  In  early  1994. 

DOD  RET  TECBMOIOGT  AREA:  Other. 

KEYWORDS:  Freight  Service  Quality, 
Inventoiry- theoretic.  Model  Valida¬ 
tion. 
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pfTfTT.m  TRACK  mSPgCTIOM  PROCKDTHtES  TO  STJPPOBT 
MXTlfrMmCK  MMiAGKinaiT  OF  U.S.  ARMY  RAILROAD  MBTWOMCS 
D.6.  Brown,  Visiting  Assistant 
Departnent  of  Systems  Management 
(Orfunded  at  NPS) 


OBjaCTlVBt  Th«  goal  o£  this  project 
was  to  continue  the  development  of 
detailed  track  inspection  procedures 
designed  to  support  maintenance  man¬ 
agement  of  n.S.  Army  railroad  net¬ 
works,  and  to  effectively  commimicate 
these  procedures  to  potential  users. 

flTWHIlf  RAILBR  is  a  decision-sup¬ 
port  system  for  the  maintenance  man¬ 
agement  of  railroad  networks  devel¬ 
oped  at  the  n.S.  Army  Construction 
Engineering  Research  Laboratory  (USA- 
CSRL) .  The  RAILER  detailed  inspec¬ 
tion  procedures  have  been  undergoing 
continuous  development  over  the  last 
8  years  with  several  iterations  of 
feedback  from  users  and  other  inter¬ 
ested  parties.  These  procedures 
were  finalized  during  1992  and  1993 
in  conjunction  with  the  most  current 
release  of  RAILBR.  Because  this 
investigator  had  been  deeply  involved 


in  the  development  of  these  proce¬ 
dures  and  their  earlier  documenta¬ 
tion,  his  input  was  solicited  for 
this  final  work.  The  principal  ac¬ 
tivity  for  this  investigator  during 
1993  was  reviewing  the  Draft  Amy 
Technical  Report  describing  these 
inspection  procedures  he  had  revised 
in  1992.  The  final  report,  to  be 
issued  in  the  near  future,  is  de¬ 
signed  to  provide  guidance  for  in¬ 
spectors  in  the  field. 

OTHBR:  A  second  draft  technical 
report  was  issued  this  year.  The 
final  report  should  be  published  in 
1994. 

DOD  KBT  TBCBH0L06T  ARBAt  Other. 

KBywORDS:  Railroad  Track  Inspection 
Procedures,  Maintenance  Management, 
Condition  Evaluation,  Decision  S19- 

port. 
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GRAPHICAL  USER  IMTERFACE  DESIGN  OF  THE  MILSATCOM  DBCISIOM 

SUPPORT  SYSTEM 

T.X.  Bui,  Associate  Professor 
N.N.  Kamel,  Associate  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  U.S.  Space  Command 


OBJTCTIVB:  The  objective  of  this 
project  is  to  develop  a  prototype 
decision  support  system  (DSS)  to 
measure  the  trade-off  between  mili¬ 
tary  satellite  communications  capa¬ 
bilities  and  user  requirements  for 
those  capabilities.  This  effort 
requires  the  integration  of  several 
DSS's  and  their  associated  databases 
into  a  user-friendly  comprehensive 
system. 

3XUatMKTt  Requirements  analysis  for 
the  proposed  system  was  performed  and 
the  critical  success  factors  were 
determined.  Based  on  the  require¬ 
ments,  the  graphical  user  Interface 
displays  for  the  DSS  were  designed 
and  liiq>lemented .  A  new  conceptual 
design  for  the  MILSATCOM  Requirements 
Database  was  developed  and  trans¬ 
formed  into  a  relational  schema.  In 
addition,  a  conq>arative  performance 
analysis  was  conducted  to  examine  the 
trade-offs  between  normalization  and 
performance.  Finally  a  prototype 
PC-based  graphical  database  applica¬ 
tion  to  manage  military  satellite 
communication  resources  was  devel¬ 
oped. 


THESES  DIRECTED:  Henry,  H.  A.,  MAJ, 
USMC,  "Military  Satellite  Crmuminica- 
tions  Decision  Support  System  Re¬ 
quirements  Analysis  and  User  Inter¬ 
face  Design,"  Master's  Thesis,  June 
1993. 

Kearns,  R.6.,  CAPT,  USAF,  "A  Concep¬ 
tual  Database  Design  and  Perfonaance 
Analysis  of  the  MILSATCOM  Require¬ 
ments  Datedsase,"  Master's  Thesis, 
June  1993. 

Major,  H.M.,  CAPT,  USAF,  "Design  and 
Implementation  of  a  Prototype  PC 
Based  Graphical  and  Interactive  MILS¬ 
ATCOM  Requirements  Database  System," 
Master's  Thesis,  June  1993. 

OTHER:  A  prototype  PC-based  graphical 
database  application  system  to  sumage 
military  satellite  communications 
(MILSATCOM)  resources. 

'DOD  KEY  TECHNOLOGY  AREA:  Software. 

KEYWORDS:  Database  Systesis,  Decision 
Support  Systems,  Graphical  User  In¬ 
terface. 
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DKPOT  MAlKTKiiMICB  RBSOURCK  PltmTCTIOW  MODEL  SY8TMI 
VALIDATION.  RBFZNBMgWr.  AMD  KNBANCEKENT 
D.R.  Dolk,  Professor 
S.S.  Liao,  Professor 
D.C.  Boger,  Professor 

M.H.  Ackroyd,  Associate  Research  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  Strategic  Logistics  Agencry 


OBJSCTXVSt  The  purpose  o£  this  pro¬ 
ject  is  to  review  and  analyze  the 
existing  version  of  PMSDA's  Depot 
Maintenance  Resource  Prediction  Model 
(DMRPM)  for  possible  refinement  and 
enhancesMnt.  The  research  will  use 
data  related  to  combat  vehicles  to 
Identify  and  validate  the  resource 
predictive  algorithms,  and  to  identi¬ 
fy  additional  decision  needs  to  cur¬ 
rent  users  and  areas  for  refinements. 
The  DMRPM  software  program  will  be 
evaluated  and  validated  with  respect 
to  the  suitability  of  its  architec¬ 
ture.  This  project  Is  currently  in 
progress . 

SUHHaKTt  Algorithms  for  the  DMRPM 


have  been  documented  In  smetlngs  with 
the  sponsor  and  associated  subcon¬ 
tractors.  An  object-oriented  aK>del 
of  depot  ntaintenance  is  being  devel¬ 
oped  from  this  documentation.  Black¬ 
box  and  white-box  testing  area  cur¬ 
rently  underway  to  validate  that 
those  algorithms  have  bean  Implemsnt- 
ed  correctly  within  the  DMRPM  pro¬ 
gram. 

DOD  KBY  TKCBHOLOOT  ARIA:  Computers, 

Software. 

KBYWORDS:  Model  Management,  Object- 
oriented,  Depot  Maintenance,  Alogori- 
thm  Validation. 


NAVAL  POSTCRADUATB  SCHOOL  RESEARCH  SUPPORT  FOR  THB 
ARMY  STRATEGIC  LOGISTICS  AGENCY 
D.R.  Dolk,  Professor 
G.W.  Thomas,  Associate  Professor 
Department  of  Systems  Manageawnt 
Sponsor  and  Funding:  Army  Strategic  Logistics  Agency 


OBJBCriVB:  The  Strategic  Logistics 
Agency  is  responsible  for  performing 
design,  analysis  and  testing  to  de- 
tennlne  the  most  efficient  methods 
for  modernization  of  the  supply, 
maintenance,  transportation,  provisi¬ 
oning,  distribution,  and  service 
functions  of  existing  and  emerging 
logistics  automation  systems.  The 
goal  of  this  research  was  to  provide 
management  for  this  umbrella  research 
project  between  NPS  and  SIA. 


SUMMARY:  Proposals  were  solicited, 
evaluated,  and  passed  to  SLA  for 
their  evaluation.  Three  projects 
were  selected  for  funding: 

(1)  Prof.  Rick  Rosenthal  (OR): 
Research  and  Developsient  Capital 
Budgeting. 

(2)  Profs.  Boger  and  Liao  (8M)  : 
Assessment  of  Depot  Maintenance  Mod¬ 
els  . 
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(3)  Prof.  Dolk  (SM)  :  Model  Integra¬ 
tion  of  Depot  Maintenance  Con^uter 
Models . 

DOO  TMCHMOTdOOr  ASSk:  Con^utera, 

Software,  Coamwinlcationa  Networking. 

KRHORDS:  Research,  Logistics,  Mod¬ 
els. 


MILITARY  SATELLITE  . ^^xHEMEMTS  DATABASE 

D.R.  Dolk,  Professor 
T.Z.  Bui,  Associate  Professor 
M.  Kamel,  Associate  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  U.S.  Space  Command 


OOJMCTXVK:  The  purpose  of  this  re¬ 
search  was  to  provide  design  assis¬ 
tance  for  the  development  of  a  Mili¬ 
tary  Satellite  Decision  Support  Sys¬ 
tem  (MDSS) . 

nilMMlBY:  Two  coiQ>onents  were  consid¬ 
ered  for  design  development:  the 
sdlltary  requirements  database  (MRDB) 
and  the  user  interface  for  MDSS.  A 
new  conceptual  schema  was  developed 
for  the  MRDB  using  the  Entity-Rela¬ 
tionship  model  and  transformed  into  a 
relational  schema  for  inqilementation 
'Thesis  1} .  An  iBq>lementation  of  the 
MRDB  was  carried  out  using  the  Micro¬ 
soft  Access  database  system  (Thesis 
2)  .  Oraphlcal  user  interfaces  were 
designed  to  support  the  spectrum  of 
functions  for  the  overall  MDSS. 


THESES  DIRECTED:  Reams,  Ronald  O., 
CAPT,  DSAF,  "A  Conceptual  Database 
Design  and  Perfonaance  Analysis  of 
the  MILSATCOM  RequlresMnts  Database," 
Master's  Thesis,  June  1993. 

Major.  William,  M. ,  CAPT,  DSAF,  "De¬ 
sign  and  Xnplementation  of  a  Proto¬ 
type  PC  Based  Graphical  and  Interac¬ 
tive  MILSATCOM  RequiresMnts  Database 
System,"  Master's  Thesis,  June  1993. 

DOD  KEY  TECHMUL06T  AREA:  Coaputers, 
Software. 

KETWORDS:  Graphical  Dser  Interface, 
Dated>ase  Management  System,  Military 
Satellites. 


617 


BYSTKiiS  WITHIN  TBE  DEPARTMENT  OF  DEFEMSg 
J.C.  Enery,  Professor 
D.  Zweig,  Research  Assistant  Professor 
Departiaent  of  Systems  Management 
Sponsor  and  Funding:  Dr.  Michael  J.  Mestrovich,  Director* 
Office  of  Technical  Integration  &  Interoperability*  OSD 


OBJSCTZVSt  This  project  examined 
the  use  of  the  programming  language 
Ada  for  developing  Automated  Informa¬ 
tion  Systesui  (AIS)  within  DoD,  giving 
consideration  to  alternative  languag¬ 
es  and  approaches  for  application 
software  development. 

SmsiAXX:  We  have  concluded  that  Ada 
often  does  not  provide  the  most  cost- 
-effectlve  approach  to  AIS  develop¬ 
ment,  and  that  therefore  greater 
discretion  should  be  granted  to  pro¬ 
ject  aianagers  to  use  the  most  cost-e¬ 
ffective  approach  for  their  particu¬ 
lar  applications  (within  general 
guidelines  and  standards)  .  Our  anal¬ 
ysis  concludes  that  AXS-specific 
languages,  rather  than  a  general-pur¬ 
pose,  third- generation  language  such 
as  Ada,  generally  provide  substantial 
gains  in  development  productivity.  A 
new  software  development  paradigm  is 
emerging,  which  conflicts  with  the 


use  of  Ada  in  som  important  respects 
(such  as  an  adaptive,  evolutionary 
process) . 

OTHER:  Bmery,  J.C.  and  O.  Zwelg, 
"The  Use  of  Ada  for  the  laplemanta- 
tion  of  Autoaiated  Information  SystMs 
within  the  Departsient  of  Defense,"  28 
December  1993,  p.  33,  (internal  work¬ 
ing  paper) . 

A  seminar  on  the  topic  la  being  given 
at  Stanford  University  on  January  14, 
1994;  further  presentations  are  ex¬ 
pected,  as  well  as  preparation  of  a 
paper  for  publication  in  the  open 
technical  literature. 

DOD  KEY  TBCBHOZiOGT  AHKAi  Computers, 
Software. 

KEYWORDS:  Software  Development, 
Automated  Information  Systems,  Ada. 
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AMALYSIS  OF  THE  MAIPIGKMEIIT  COMTROL  RARIFICATIOMS 
K.J.  Buslce,  Professor 
Department  of  Systems  Kanagement 
Sponsor  and  Funding:  Commander,  Naval  Supply  Systems  Cosmmnd 


OBJBCTXVSi  This  is  a  continuation  of 
part  of  a  previous  research  project. 
The  specific  objective  of  this  re¬ 
search  project  is  to: 

(1)  Analyze  the  current  management 
control  system  currently  in  place  to 
support  the  RAMP  project. 

(2)  Recomstend  adjustments  to  that 
system  such  that  the  output  of  the 
system  will  provide  information  that 
accurately  appraises  the  RAMP  pro¬ 
ject. 

(3)  Bnsure  that  the  system  provides 
valid  and  reliable  Information  re¬ 
garding  the  cost,  effectiveness,  and 
efficiency  of  the  RAMP  project. 

The  RAMP  Project  within  the  Navy  is 
concerned  with  developing  highly 


automated  manufacturing  facilities 
using  advuced  robotics. 

Release  time:  One  quarter. 

THBSKS  DIRXCRD:  Peterson,  Marlene, 
"A  Management  Case  Study:  The  Imple¬ 
mentation  of  the  Rapid  Acquisition  of 
Manufactured  Parts  (RAPM) ,  Master  of 
Science  of  Management,  March  1993. 

Spence,  Frank,  "Activity-Based  Cost¬ 
ing  in  a  Service,  Master  of  Science 
of  Management,  June  1993. 

DOO  KKT  TBCHHOLOGT  ARKA:  Other. 

KEYMORDS:  Cozputer  Integrated  Manu¬ 
facturing,  Activity-based  Costing, 
Lean  Manufacturing. 
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HiPROVIMG  THB  PROCESS  IMPROVEMKiiT  PROCESS 
K.J.  Euake,  Professor 
W.  Haga,  Professor 
Departatent  of  Systems  Mamagemezit 

Sponsor  and  Funding:  Office  of  tke  Director  of  Defense  Information 


OBJSCTXVB:  Tha  purpose  of  this  pro¬ 
ject  was  to  develop  a  database  on 
benchmarking  and  re-engineering  re¬ 
sources  for  the  Office  of  the  Direc¬ 
tor  of  Defense  Information  (DDI) . 
This  project  supported  the  re-engi¬ 
neering  of  DoD  business  functions  and 
processes.  The  long  r\m  goal  is  to 
have  a  benchsiarking  database  for  use 
by  DoD,  other  federal  and  non- federal 
govemsient  organizations,  and  indus¬ 
try.  Such  a  database  will  have  at 
least  two  major  benefits:  First,  it 
will  be  a  means  for  the  n.S.  Govern¬ 
ment  to  use  the  resources  furnished 
by  the  taxpayers  more  effectively  and 
efficiently.  Second,  it  will  be  a 
resource  to  support  the  n.S.  indus¬ 
trial  base. 

jlelease  time:  One  and  .one-half  quar¬ 
ters. 

SDMHhRT:  The  project  developed  the 
rBAP  database  in  Oracle  for  IBM-com¬ 
patible  PCs  and  populated  it  with 
demonstration  data  on  best  practices, 
experts  and  metrics  £cr  business 
processing  re-engineering. 

OOMFKRRHCR  PRBSBHTATION:  Euske,  K.J. 
and  Haga,  W.J.,  "Process  for  Improv¬ 
ing  Processes:  Elements  and  Issues," 
Consortium  for  Advanced  Manufacturing 
International-Cost  Management  System 
Program,  San  Diego,  CA,  March  1993. 

Euske,  K.J.  and  Lebas,  M.J.,  "Perfor¬ 
mance  Measiireiaent  for  Maintenance 
Depots,"  Bridging  the  Gap  Confer¬ 
ence,  Babson  College,  25-26  June 
1993. 


An  Industrial  Setting:  A  Survey  of 
Current  Practice, "  The  16th  Annual 
Congress  of  the  European  Accounting 
Association,  Turku,  Finland,  28-30 
April  1993.  (Earlier  version  pre¬ 
sented  at  The  Second  European  Manage¬ 
ment  Control  Sympositim,  H.  E.  C. 
School  of  Management,  9-11  July 
1992)  . 

THESES  DIRECTED:  Shivers,  Carol  E., 
"Marshaling  and  Acquiring  Resources 
for  the  Process  Improvement  Process," 
Master  of  Science  in  Management,  June 
1993. 

Young,  Dan  H.,  "Business  Process 
Redesign:  Creating  an  Environamnt 
for  Discontinuous  Thinking, "  Master 
of  Science  in  Information  Technology 
Management,  September  1993. 

Ritter,  Kenneth  C.,  "Implementing 
Change:  A  Guide  for  the  DoD  Func¬ 
tional  ]lanager,  "  Master  of  Science 
in  Infor.-nation  Te.:hnology,  September 
1993. 

Warwick,  Jerry  L.,  "Business  Process 
Redesign:  Design  the  Isproved  Pro¬ 
cess,  Master  of  Science  in  In^^orma- 
tion  Technology  Manageawnt,  "  Septot- 
ber  1993. 

Steckler,  Kathleen  M. ,  "Naval  Air 
Station  Cubi  Point:  A  "Hot  Turnover"? 
A  Management  Case  Study,  Master  of 
Science  in  Management,  September 
1993. 

Phillips,  VarandaK.,  "An  implication 
of  an  IDEFO  Model  to  laprove  the 
Process  of  Base  Closure:  A  Case 
Study,  Master  of  Science  in  Manage¬ 
ment,  December  1993. 


Euske,  K.J.,  Lebas,  M.J.,  and  McNair, 
C.J.,  "Management  of  Performance  in 
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■orslayf  Arthur  B.,  "A  Modal  for 
Evaluating  Vandor  Proposals  for  Prica 
and  Xtsad  Tlata,  Mas  tar  of  Selanea  in 
ManagSMsnt.  Daeasdbar  1993. 

DCS  MR  ncmnuxn  AKBAi  Othar. 

KRMOMMt  Banchnarking,  Procass  Ra- 
anginaarlng. 
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W.R.  Gates,  Visltlxig  Assistant  Professor 
K.Ii.  Terasawa,  Visiting  Professor 
Department  of  Systems  HanagesMnt 
Sponsor  and  Funding:  Bureau  of  Naval  Personnel  (PKR8-63B) 


OBJSCTZVX:  This  is  th«  first  phase 
of  an  effort  to  help  develop  a  cost- 
effective  mix  of  drug  demand  reduc¬ 
tion  programs  in  DoO.  The  objective 
is  to  identify  the  characteristics  of 
the  at-risk  population  and  design 
specific  initiatives  to  efficiently 
address  that  population. 

SOMARTi  This  project  focused  on 
three  prlsiary  areas,  as  follows. 

Survey  the  literature  and  gather 
available  data  on  military  drug  abuse 
to  (a)  construct  a  statistical  drug 
abuse  profile  for  the  D.S.  military, 
by  service  and  (b)  identify  military 
drug  deatand  reduction  efforts,  by 
service. 

Analyze  civilian  sector  drug  abuse  to 
(a)  construct  a  statistical  drug 
abuse  profile  for  the  U.S.  civilian 
population  and  (b)  identify  drug 
demand  reduction  efforts  in  the  ci¬ 
vilian  sector. 

Analyze  the  costs  of  drug  abuse  in 


the  Navy,  including  the  costs  of 
testing,  rehabilitation  (treatment 
and  lost  work  hours)  and  personnel 
replacesMnt . 

The  current  task  was  intended  as  a 
feasibility  study,  to  understand  the 
nature  of  the  problem  and  identify 
the  data  available  for  a  detailed 
follow-on  study. 


TBSSB8  OIBNCnDt  Krb,  Katherine 
D.C.,  LT,  USN,  "Updated  Cost  Iffec- 
tiveness  Analysis  of  the  Navy  Drug 
and  Alcohol  Rehabilitation  Program, " 
Master's  Thesis,  December  1993. 

Lewis,  Samuel  N. ,  LT,  DSN,  "A  Cost 
Analysis  of  a  Navy  Drug  Abuse  Educa¬ 
tion  Program,"  Master's  Thesis,  De¬ 
cember  1993. 

DOD  XST  TNCHNOLOOr  AREA:  Other. 

KSnORDSi  Drug  Abuse,  Drug  Preven¬ 
tion,  Drug  Education. 
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OBJBCnVBt  Tha  analysis  invastlgatad 
issuas  associatad  with  tha  malnta- 
nanca  of  U.S.  military- tachnologlcal 
suparlority  into  tha  twanty  first 
century. 


tha  PRC,  and  would  imposa  substantial 
burdens  -  -  comparable  to  those  that 
could  ba  anticipated  for  the  Cnitad 
States  undertaking  a  large  SOI  pro¬ 
gram. 


SOHBUKTi  Tha  project  provided  asti- 
Mtas  of  tha  costs  facing  military 
rivals  to  tha  united  States  wishing 
to  field  a  Raconnalssance-Strika 
Complex  (RUK)  like  that  esployed  in 
tha  Oulf  War  of  1991.  Tha  hypotheti¬ 
cal  rivals  chosen  ware  tha  People's 
Republic  of  China  and  a  post-NATO 
luropaan  coalition  cantered  on 
Franca,  Oarmany,  and  tha  United  King¬ 
dom.  Tha  cost  astimatas  indicate 
luropa  could  field  a  RUK  with  rela¬ 
tively  modest  adjustments  and 
increases  to  currant  dafansa  efforts. 
On  tha  other  hand,  acquiring  and 
operating  a  RUK  is  a  major  task  for 


OIBRR:  Research  findings  ware  summa¬ 
rized  in  Franck,  R.  and  Hildabrandt, 
G.,  "Potential  Military  Rivals:  Scam 
Technological,  Bconood.c  and  Opera¬ 
tional  Considerations,"  October  1993. 

Also,  tha  investigators  are  preparing 
an  article  for  subBd.ssion  to  an  aca¬ 
demic  journal. 

DOD  KKT  TKBMOLOOT  ARSA:  Other. 

KXTWORDS:  Raconnalssanca-Strika 
Complex  (RUK) . 


C.R.  Jones,  Professor  of  C3  end  Systeaes  Msnsgwient 
N.C.  Roberts,  Associate  Professor  of  Strategic  Manageaent  C3 
K.  Sengupta,  Assistant  Professor  of  Znfoxaatioa  Systeaa 
Departaent  of  Systeas  Manageaent 
Sponsor:  Naval  Oceans  Systeas  Center,  San  Diego 
Funding:  Naval  Postgraduate  School 


QBJacnvS:  Th«  goal  o£  this  pro j act 
la  to  invostlgata  how  individuals, 
groups,  and  organisations  maka  daci- 
slons  in  sdlitary  and  DoD  ralatad 
contaxts  at  both  tha  strategic  and 
operational  lavals  and  to  maka  racom- 
laandatlons  for  Isqtrovamant . 

SOBORT:  This  research  cautions 
against  tha  transfer  of  "laasons 
learned"  from  business  decision  sulk¬ 
ing  research  and  practice  to  organi¬ 
sations  like  the  DoD/OoN  with  their 
special  missions  and  mandates.  Deci¬ 
sion  staking  in  strategic  and  opera¬ 
tional  settings,  especially  under 
combat  conditions,  requires  a  deci¬ 
sion  approach  geared  to  these  imlque 
contexts  and  situations. 

PDBLICAiTiaHS :  Jones,  C.,  Sengupta, 
K,  and  Roberts,  M.C.,  "A  Conceptual 
rraswwork  for  a  Combat  Organisation's 
Cosssand  and  Control  Systesis  of  Sys- 
tesis,"  in  Proceedings  of  the  JDL 
Conference  on  Cosssand  and  Control, 
National  Defense  University,  Washing¬ 
ton,  DC,  June  1993. 

Roberts,  N.C.,  "Limitations  of  Stra¬ 
tegic  Action  in  Bureaus:  The  Case  of 
the  Departsient  of  Defense, "  in  Public 
Management:  The  State  of  the  Art. 
Barry  Bosesian,  ed.,  San  Francisco: 
Jossey-Bass,  pp.  153-172,  1993. 

COHFBRNHCB  PRBSKNTATiaNS:  Jones,  C., 
Sengupta,  K.,  and  Roberts,  N.,  "A 
Conceptual  Framework  for  a  Combat 
Organisation's  Cosssand  and  Control 
System  of  Systesis,"  1993  Sysqioslum  on 
Cosssand  and  Control  Research,  Nation¬ 


al  Defense  Uhiversity,  Washington, 
DC,  28  June-l  July  1993. 

Roberts,  N.,  "Dialogue  and  Delibera¬ 
tion:  A  Now  Mode  for  Crafting  Strate¬ 
gy,  "  Berkeley  Symposium  on  Public 
Management  Research,  19  July  1993, 
Ukiiversity  of  California,  Berkeley, 
co-sponsored  by  the  Research  Division 
of  the  AsMrlcan  Society  for  Public 
Adsdnistration,  the  Graduate  School 
of  Piiblic  Policy  of  the  University  of 
California,  Berkeley,  and  the  Journal 
of  Public  Administration  Research  and 
Theory. 

Roberts,  N.C.  and  Wargo,  L.,  "Coaven- 
sating  for  Size:  Strategic  Planning 
in  the  Department  of  the  Navy, "  Na¬ 
tional  Public  Manageswnt  Research 
Conference,  university  of  Wisconsin, 
Madison,  30  September  -  2  October 
1993. 

Bradley,  R.  and  Roberts,  N.C.,  "Rela¬ 
tions  of  Affect  and  Control  and  Orga¬ 
nizational  Function, "  Academy  of 
Managezwnt  Meeting,  Atlanta,  GA,  6-11 
August  1993 . 

THISBS  DIRNCRD:  Carter,  J. ,  "Infor¬ 
mation  Managezwnt  in  a  Joint  Task 
Force,"  Masters  of  Science  in  Sys¬ 
tems  Technology  (C3) ,  June  1993, 
(Advisor:  Jones,  C.). 

Carr,  M.,  "A  Heuristic  to  Fonzulate 
Rules  of  Bngagezient, "  Masters  of 
Science  in  Systeaw  Technology  (C3), 
June  1993,  (Advisor:  Jones,  C.). 

Myrick,  P.R.,  "A  Case  Study  of  Suc¬ 
cessful  Program  Management:  PM  Army 
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Tactical  MiaBlla  Systems."  Masters 
of  Science  in  Management,  March  1993, 
(Advisor:  Roberts,  N.). 

Stream,  C.  K.,  "Alternative  Dispute 
Resolution:  How  the  Department  of  the 
Mavy  Can  Benefit  From  the  Use  of  Mini 
Trials,”  Masters  of  in  Management, 
June  1993,  (Advisor:  Roberts,  N.). 

Baton,  C.,  "An  Economical  and  Cost 
Benefit  Analysis  of  Alternative  Dis¬ 
pute  Resolution  Methods  in  Settling 
Government  Contract  Disputes,"  Mas¬ 
ters  of  Science  in  Management,  June 
1993,  (Advisor:  Roberts,  N.). 

Carpenter,  D.K.  and  Bbner,  D.J., 
"Using  Software  Applications  to  Fa¬ 
cilitate  and  Enhance  Strategic  Plan¬ 
ning,"  Masters  of  Science  in  Informa¬ 
tion  Science,  September  1993,  (Advi¬ 
sor:  Roberts,  N.). 

Dennison,  P.,  "A  Case  Study  of  the 
USS  Dwight  D.  Elsenhower  Collision 
and  Its  Isqpllcations, "  Masters  of 
Science  in  Management,  September 
1993,  (Advisor:  Roberts,  N.). 

Turner,  L.L.,  "Conducting  a  Success¬ 
ful  Operational  Test  --  what  Program 
Officers  Should  Know, "  Masters  of 
Science  in  Management,  September 
1993,  (Advisor:  Roberts,  No.). 

Williamson,  B.,  "Lessons  Learned  in 
Drawdowns,”  Masters  of  Science  in 
Management,  September  1993,  (Advisor: 
Roberts,  N.). 

Walsh,  D.,  "Contracting  Support  for 
Army  Special  Forces,”  Masters  of 
Science  in  Management,  December  1993, 
(Advisor:  Roberts,  N.). 

Bergeron,  Wayne,  "Re-engineering 
Acquisition, ”  Masters  of  Science  in 
Managesient,  December  1993,  (Advisor: 
Roberts,  N.). 


Robinson,  R.  and  Swenson,  B.,  "Inno¬ 
vation  and  Entrepreneurship  in  Ziogis- 
tical  Support:  A  Case  Study,"  Masters 
of  Science  in  Management,  December 
1993,  (Advisor:  Roberts,  H.). 

Carter,  Donald  K.,  "Department  of  the 
Army  Field  Contracting  Activities' 
Contracting  Efforts  with  the  Federal 
Prison  Industries,  Inc.,"  Masters  of 
Science  in  ManagesMnt,  December  1993, 
(Advisor:  Roberts,  N. ) . 

Irick,  Ronald  P.,  "Evaluation  of 
Public-Private  Competition  in 
NADeps,”  Masters  of  Science  in 
Management,  December  1993,  (Advisor: 
Roberts,  N.). 

Rutledge,  S.,  "Comparative  Efficacies 
of  Decision  Strategies  and  the 
Effects  of  Learning  in  Dynamic 
Environments:  A  Computer  Simulation 
Approach, "  Masters  of  Science  in 
Information  Technology  Management, 
September  1993,  (Advisor:  Sengupta, 
K.)  . 

Elser,  E.,  "The  Impact  of  Multiple 
Objectives  in  Dynamic  Decision 
Making,”  Masters  of  Science  in 
Information  Technology  Management, 
September  1993,  (Advisor:  Sengupta, 
K.)  . 

OTHER:  Roberts,  N. ,  "Dialogue  and 
Deliberation:  A  New  Mode  for  Crafting 
Strategy, "  submitted  to  Hjagn 
Relations . 

Dotterway,  K.  and  Roberts,  N. ,  "The 
Vincennes  Incident:  Another  Player  on 
the  Stage,”  submitted  to  Armed  Forces 
and  Society. 

Roberts,  N.C.  and  Wargo,  L., 
"Compensating  for  Size:  Strategic 
Planning  in  the  U.S.  Navy,”  submitted 
to  Strategic  Management  Journal. 

Sengupta,  K.  and  Riser,  B.,  "The 
Inpact  of  Multiple  Objectives  in 
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Dynaale  Daelalon  Making,  ”  in  prapara- 
tlOB. 

DOO  KMT  nonOLOQy  AKKki  Human-Sya- 
taai  Xntarfacaa. 

lURMUKIMIs  Military  Dacision  Making, 
Orgaaisad  Daciaion  Procaasas,  Data 
Pusion,  Coaaand  and  Control. 
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MAVY  SHIP  MMUTKliAllCB  AMD  RgPAIR  AMD 
THE  IMPACT  OF  BUDGBT  BgDnOTTOW 
L.R.  Jones,  Professor 
Departaent  of  Systems  Management 
Spomsort  Kenneth  Jacobs,  Director,  Ship  Maintenance  and 

Repair  Division,  MAVSBA 
Funding:  HAVSEA 


<mJSCTIVBx  The  goal  of  thia  pro j act 
was  to  mmmmmm  tho  roloa,  participants 
and  ralationshlpa  in  the  Navy  ays tarn 
for  Ship  Maintananca  and  Rapair  and 
to  analysa  aathods  for  improving  tha 
affieianey  and  cost-affactivanass  of 
this  syataai.  Salactad  issuas  in 
prograaning  and  budgating  for  ship 
aaintananea  and  rapair  also  wara 
axaadnad.  Tha  goals  and  funding  for 
this  pro  j  act  wara  providad  lata  in  FY 
1991  and  eontinuad  into  FY  1993 . 

SOMIRnri  Rasaarch  was  parformad  in 
HAVSEA  and  in  PACFI.T  and  IJLNTFLT  to 
aasass  tha  charactari sties  of  tha 
Navy  ship  naintananea  and  rapair 
systam.  Thia  systaa  was  analyzad  in 
taras  of  tha  rolas  of  tha  partici¬ 
pants  and  thair  ralationships  in  the 
work  preparation  and  documentation 
process  for  Navy  ship  repair  and 
maintananca.  Tha  work  preparation 
system  was  described  and  analyzad  for 
methods  and  altamativas  to  iiqirove 
affieianey  and  cost-af fectivenass. 
Preliminary  results  were  presented  to 
tha  sponsor  and  feedback  was  obtained 
on  approaches  to  further  analyze. 
Tho  cllsiato  and  characteristics  of 
tha  POM  and  budget  preparation  were 
assessed  with  the  assistance  of  the 
sponsor  to  assist  in  the  design  of 
further  research. 

COCTEBENCE  PRESENTATION:  Jones, 
L.R. ,  Association  for  Budgeting  and 
Financial  Managemant,  American  Soci¬ 
ety  for  Public  Adsiinlstratlon,  panel 


chair,  "International  Budget  and 
Finance  Sxqparionca :  Fiscal  Policy  and 
Culture, "  and  paper  presentation, 
"Fiscal  Policy  and  Retrenchment  in 
Switzerland, ”  Arlington,  VA,  October 
1993. 

THESES  DIRECTED:  Palmer,  Michael  A., 
"A  Cosqprehensive  Analysis  of  the 
Maintenance  Requirements  Systasi, " 
Masters  of  Science  in  Managasmnt, 
June  1993. 

Erhlich,  Daniel,  "Surface  Ship  Main¬ 
tenance  in  the  Corporate  Environment 
and  tha  Navy, ”  Masters  of  Science  In 
Managiunant,  June  1993. 

Ke]iq;>er,  Verne,  (Conrad  Scholar),  "A 
Financial  Analysis  of  tha  COBRA  Mod¬ 
el,"  Masters  of  Science  in  Manage¬ 
ment,  December  1993. 

Keller,  Joseph  A.,  "Issues  Pacing 
Navy  Contracting  Organisations  in 
Zn^lemanting  OFPP  Policy  Letter  92- 
4,"  Masters  of  Science  in  Managaawnt, 
December  1993 . 

DOD  KEY  TECBHOLOGT  AREA:  Other. 

KKYNORDS:  Surface  Ship  Maintenance, 

Financial  Analysis. 
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JUKVY  FLEET  AHD  FLIGHT  HOOR  BODGBTIMO  AMD  TlIPAf?T  nw  nm  mim 

BUPgKT  BKnnrTTnm 
L.R.  Jcmes,  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  COMHA.VAISPAC 


OBJBCTIVB:  Th«  goal  of  this  project 
was  to  assess  the  budget  and  the 
iiiq>act  of  budget  reductions  in  the 
XIRPAC,  PACPLT  comnumd,  to  assess 
laanagsment  control  system  and 
accounting  changes  to  respond  to 
budget  austerity  including  those 
related  to  the  DMR  process  and  to 
analyze  US-Japan  national  defense 
resource  burdensharing. 

SnslART:  Research  was  performed  in 
the  field  in  AIRPAC  HQ  and  installa¬ 
tions  to  assess  the  characteristics 
of  budget  and  accounting  systems. 
These  systems  were  analyzed  in  terms 
of  the  roles  of  the  participants  and 
their  relationships  in  budget  prepa¬ 
ration,  analysis  and  justification. 
The  budget  preparation  system  was 
analyzed  for  methods  and  alternatives 
to  In^rove  efficiency  and  cost-effec¬ 
tiveness.  Preliminary  results  were 
presented  to  the  sponsor  and  feedback 
was  obtained  on  approaches  to  further 
euialysis.  The  climate  and  character¬ 
istics  of  the  POM  and  budget  prepara¬ 
tion  were  assessed  with  the  assis¬ 
tance  of  the  sponsor  to  assist  in  the 
design  of  further  research.  Charac¬ 
teristics  of  ns -Japanese  defense 
resource  burdensharing  also  were 
examined  from  a  budgetary,  political 
and  economic  perspective. 

PUBLICATIOHS :  Jones,  L.R.  luid 
McCaffery,  J.,  "Symposium  on  Federal 
Financial  Management  Reform,  Part 
II,"  Public  Budgeting  and  Finance.  13 
January  1993. 

Jones,  L.R.  and  McCaffery,  J., 
"Implementation  of  The  Chief  Finan¬ 


cial  Officer  Act, "  Public  Budgeting 
and  v<nanr»».  13  January  1993 . 

Jones,  L.R.,  "Counterpoint  Issey: 
Nina  Reasons  Nhy  the  CFO  Act  May  Mot 
Achieve  It's  Objectives,"  Public 
Budgeting  and  v<  nanna ,  13  January 
1993. 

Jones,  L.R.,  "Management  of  Budgetary 
Decline  in  the  Department  of  Defense 
in  Response  to  the  End  of  the  Cold 
Mar, "  Armed  Forces  and  Society.  19 
April  1993. 

COMFIRIMCI  PUSBRATIOH:  Jonas, 
L.R.,  "Misrepresentation  as  an  lle- 
ment  of  Budget  Strategy  and  Control,” 
Association  for  Budgeting  and  Finan¬ 
cial  Management  National  Conference, 
Arlington,  VA,  October  1993. 

THESIS  DIRECTED:  Dawa,  Richard, 
"Analysis  of  Base  Realignment  and 
Cl.}sure:  The  Bxanple  of  NAS  Nhidbey 
Island,"  Master's  Thesis,  Dacaadber 
1993. 

Kane,  Michael,  W.,  "Hazardous  Masts 
Reduction  Efforts  of  the  Navy  and  DoD 
in  the  San  Diego,  California  Region," 
Master's  Thesis,  December  1993. 

Robinson,  David  M. ,  "A  Report  on  Base 
Reuse  Planning  at  the  Tustin  Marina 
Corps  Air  Station,"  Master's  Thesis, 
December  1993. 

TOD  KIT  TECHNOlOSr  AREA:  Other. 

KETMDRDS:  Base  Realigxuaent,  Base 
Closure,  Base  Reusu,  Hazardous  Masta 
Management . 
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IMPACT  OF  DMR  AND  BUDGET  PlgnnPTTON  AHD  POD  FM  KPUGATIOH 

ASSESSMENT 

L.R.  Jones,  Professor 
Department  of  Systems  Management 
Sponsor:  Coo^troller,  DoD 

Funding:  Naval  Postgraduate  School 


OBJECTIVE:  The  goal  o£  this  project 
was  to  assess  the  impact  of  budget 
reductions  in  DoD  including  those 
related  to  the  DMR  process  and  to 
conduct  a  survey  of  quality  assess¬ 
ment  in  DoD  Financial  Management 
Education  and  Training  Institutions. 

SUMMERT:  Research  was  performed  to 
assess  budget  and  DMR  processes  and 
reductions.  These  were  analyzed  in 
terms  of  the  roles  of  the  partici¬ 
pants  and  their  relationships .  The 
budget  system  was  analyzed  for  meth¬ 
ods  and  alternatives  to  improve  effi¬ 
ciency  and  cost-effectiveness.  Pre¬ 
liminary  results  were  presented  to 
the  sponsor  and  feedback  was  obtained 
on  approaches  to  further  analysis. 
The  climate  and  characteristics  of 
the  budget  preparation  were  assessed 
with  the  assistance  of  the  sponsor  to 
assist  in  the  design  of  further  re¬ 
search.  The  impact  of  the  DMR  in  DoD 
was  assessed.  A  survey  of  quality 
assessment  methods  in  DoD  Financial 
Management  Education  and  Training 
Institutions  was  conducted  and  re¬ 
ported  to  the  DoD  Comptroller  and 
staff  to  follow  up  on  a  part  of  DMR 
985. 


PUBDICATIOHS :  Jones,  D.R.  and 
McCaffery,  J.,  "Symposium  on  Federal 
Financial  Management  Reform,  Part 
II,  "  Pxiblic  Budgeting  and  Finance.  13 
January  1993. 

Jones,  L.R.  and  McCaffery,  J. , 
"Implementation  of  The  Chief 
Financial  Officer  Act, "  Ptdalic 
Budgeting  and  Finance.  13  January 
1993. 

Jones,  L.R.,  "Counterpoint  Essay: 
Nine  Reasons  Why  the  CFO  Act  May  Not 
Achieve  its  Objectives, "  Public 
Budgeting  and  Finance.  13  January 
1993. 

Jones,  L.R.,  "Management  of  Budgetary 
Decline  in  the  Department  of  Defense 
in  Response  to  the  End  of  the  Cold 
War, "  Armed  Forces  and  Society.  19 
April  1993. 

DOD  KEY  TECHNOLOGY  AREA:  Other. 

KEYWORDS:  Defense  Memagement, 
Federal  Financial  Management,  Chief 
Financial  Officer  Act. 
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RESEARCH  ISSUES  IN  THE  DEPARTMKliT  OF  MAVY  DATA 
ADMINISTRATION  PROGRAM 


M.N.  Kamel,  Associate  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJECTIVE:  The  objective  of  this 
project  ie  to  conduct  research  and 
provide  technical  advice  to  the  fol¬ 
lowing  tasks  in  order  to  meet  the 
goals  of  the  Corporate  Information 
Management  (CIM)  initiative  and  the 
DoM  Data  Administration  Program:  1) 
Data  modeling;  2)  Survey  of  DoD  Data 
Administration;  3)  Migration  strategy 
for  data  dictionaries/repositories; 
and  4)  Evaluation  criteria  for  data 
dictionarias/repositories . 

snMMBBT:  This  project  integrated 
stibject  area  data  from  three  differ¬ 
ent  but  overlapping  databases  and 
created  a  strategic  level  integrated 
data  model.  In  addition  this  effort 
developed  a  conqprehensive  frcunework 
for  identifying  and  classifying  se¬ 
mantic  heterogeneity  using  both  the 
entity  relationship  and  the 
object-oriented  data  models  as  the 
integrating  data  model.  Possible 
solution  strategies  were 


offered  for  each  type  of  conflict 
identified  in  the  framework.  These 
solutions  were  applied  to  the  realise 
the  strategic  level  Integrated  data 
model. 

THESES  DIRECTED:  Bourque,  M.T.,  ”A 
Framework  for  Classifying  and  Resolv¬ 
ing  Seiaantic  Heterogeneity  in 
Object-Oriented  Databases,"  Master's 
Thesis,  September  1992. 

Lindsey,  D.A.,  "A  FrasMwork  for 
Classifying  and  Resolving  Semantic 
Conflicts  using  the  Enhanced 
Entity-Relationship  Model,"  Master's 
Thesis,  September  1992. 

DOD  KEY  TECHHOLOGT  AREA:  Software. 

KEmORDS:  Data  Administration,  Data 
Modeling,  Data  Integration,  Seiaantic 
Conflict  Identification  and 
Resolution. 
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COST  PER  OUTPUT  AMALYSIS  FOR  nSARBC 


K.  Kang«  Associate  Professor 
K.L.  Terasawa,  Visiting  Associate  Professor 
Department  of  Systems  Hanagement 
Sponsor  and  Funding:  U.  S.  Army  Recruiting  Comnand  (USASBC) 


OBJKCTIVS:  The  objective  o£  this 
research  is  (1)  to  develop  a  trans¬ 
parent  and  documentable  cost  per 
output  methodology  £or  the  US  Army 
recruiting  activities;  and  (2)  to 
identify  the  areas  £or  cost -savings 
with  the  future  changes  in  recruiting 
envirozusent . 

sramaKT:  Our  study  of  USAREC's  unit 
costing  revealed  several  potential 
problems.  By  sinqply  dividing  the 
total  expenditure  by  the  number  of 
accessions  will  not  provide  meaning¬ 
ful  cost  Information.  Unit  costing 
is  based  on  variable  costs.  By  far, 
the  majority  of  USAREC's  costs  are 
fixed.  When  the  number  of  accessions 
are  reduced,  the  overhead  structure 
must  be  re-examined  to  determine 
efficient  allocation  of  resources. 
USARBC  does  not  have  spending  discre¬ 
tion  over  70%  of  their  expenditures. 
Without  spending  authority  and  re¬ 
sponsibility,  managers  may  have  lit¬ 
tle  incentive  to  reduce  costs  and  the 
ones  they  can  reduce  are  over-shad¬ 
owed  by  what  they  do  not  control. 
The  largest  of  the  "big  ten"  catego¬ 
ries,  Military  Personnel  Army  (MPA) 
accoiint,  may  actually  be  undercharged 
as  much  as  20%.  The  MPA  expenditure 
is  determined  by  multiplying  the  TDA 
(Table  of  Distribution  and  Alloweuic- 
es)  by  a  DA  con^osite  cost  for  offi¬ 
cers  and  one  for  NCOS.  The  composite 
cost  does  not  take  into  account  the 
"top  heavy"  structure  of  USAREC. 
Also,  since  it  is  based  on  the  TDA, 
any  personnel  shortages  or 


overages  are  not  reflected  in  the 
expenditures.  This  condition  Bd.ght 
actually  encourage  managers  to  over¬ 
fill  slots  since  they  are  not  charged 
the  extra  personnel  cost.  Also, 
facilities  are  charged  a  flat  percent 
of  the  Services  recruiting  facilities 
expenditures.  All  the  services  would 
have  to  withdraw  from  a  leased  facil¬ 
ity  before  USAREC  would  realize  any 
cost  savings.  They  are  charged 
whether  they  use  the  facility  or  not. 

We  also  examined  the  possibility  of 
io^lementing  a  bonus  incentive  system 
for  recruiters.  The  current  quote 
system  may  possess  potential 
inefficiencies.  The  bonus  system 
would  help  maximize  market  potential 
and  help  USAREC  in  the  efficient 
allocation  of  resources.  Recruiters 
would  be  rewarded  on  how  well  they 
forecasted  and  on  the  nxunber  of 
accessions  achieved. 

OTHBR:  Terasawa,  K.L.  and  Kang,  K., 
"Efficient  Recruiting  Incentive 
System, "  in  preparation. 

THESIS  DIRECTED:  Lyons,  S.  and 
Riester,  B.,  "Cost  per  Output  for 
USAREC,"  Master's  Thesis,  December 
1993. 

DOD  KEY  TECHNOLOGY  AREA:  Other. 

KEYWORDS:  Recruiting,  Cost  per 
Output,  Life-Cycle  Cost,  Decision- 
support. 
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COST  PER  OUTPUT  ANALYSIS  FOR  U.  S.  ARMY  RBSKRVB 
K.  Kang,  Aaaociate  Professor 
K.L.  Terasawa,  Associate  Visiting  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  U.  S.  Army  Recruiting  Command  (nSASSC) 


OBJKTXVI:  Th«  objective  of  this 
research  is  (1)  to  develop  a  frame¬ 
work  to  find  the  best  mix  of  prior 
service  and  non-prior  service  enlist¬ 
ed  accession  (NPS/PS  mix)  that  mini¬ 
mizes  the  life-cycle  cost  for  the  US 
Army  Reserve  (USAR)  over  a  period  of 
tisw}  and  (2)  to  develop  a  transpar¬ 
ent  and  docuBientable  cost  per  output 
methodology  for  the  USAR  recruiting 
activities.  The  results  of  this 
research  will  provide  the  decision¬ 
maker  at  the  USAR  with  a  decision 
support  tool  for  policy  making. 

SUMMART:  Our  study  of  U.  S.  Army 
Recruiting  command's  (USAREC's)  unit 
coating  revealed  several  potential 
problaias.  Currently  USAREC  calcu¬ 
lates  two  unit  cost  figures  for  re¬ 
cruiting:  one  for  the  Regular  Army 
and  another  for  the  Army  Reserve  by 
simply  dividing  the  total  expendi¬ 
tures  by  the  number  of  accessions. 
These  figures  will  not  provide  mean¬ 
ingful  cost  Information. 

This  project  is  concurrently  conduct¬ 
ed  with  the  Regular  Army  cost  study. 
Conpare  to  Regular  Army  study,  this 
study  is  more  conqplicated  because  of 
Reserve's  xuilque  characteristics. 
High  attrition  rates  in  the  reserve 
force  is  a  significant  problem. 
Seventy  percent  of  reserve  soldiers 
do  not  coB^lete  their  six  year 
enlistSMnt  contract.  Separation  from 


the  reserve  unit  before  coiq>letlon  of 
the  contractual  term  of  service  low¬ 
ers  readiness  while  increases  train¬ 
ing  and  recruiting  costs. 

Army  reserve  recruits  are  classified 
as  non-prior  service  (NFS)  --  those 
without  prior  military  training  and 
experience  --  and  as  prior  sarvlca 
(PS)  --  individuals  who  have  served 
in  the  active  or  reserve  forces.  The 
advantage  of  recruiting  NFS  over  PS 
is  the  lower  salary,  the  greater 
flexibility  in  MOS-matchlng,  and  the 
higher  probability  of  longer  service 
with  the  Reserve.  However,  these 
advantages  must  be  weighed  against 
its  inherently  higher  training  costs 
and  potentially  lower  readiness  lev¬ 
el.  We  are  currently  collecting  data 
on  attrition  rates  and  related  costs 
factors  to  develop  a  life  cycle  cost 
framework  and  determine  the  PS/NPS 
mix  that  minimizes  the  cost  over 
time.  Such  a  sd.x  would  be  Influenced 
not  only  by  the  changes  in  recruit¬ 
ing/training  costs  but  also  by  the 
changes  in  end- strength  target. 

DOD  KEY  TBCHli0I.06Y  AREA:  Other. 

KETWORDS:  Recruiting,  Cost  par  Out¬ 
put,  Life-Cycle  Cost,  Decision-sup¬ 
port,  Army  Reserve,  Prior -service. 
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CONTRACTING  TAXONOMIBS 

.  Lanm,  Associate  Professor  of  Systens  llanageoBeixt 
Department  of  Systems  Management 
Funding :  Unfunded 


OBJCCTIVK:  This  project  is  a  contin¬ 
uing  effort  to  identify  and  examine 
various  characteristics  of  the  con¬ 
tracting  profession  through  the  de¬ 
velopment  and  use  of  the  taxonomical 
approach. 

SUMMhRT:  In  order  to  research  the 
acquisition  and  contracting  profes¬ 
sion,  rigorous  classification  of 
significant  characteristics  must  be 
accoiiq>lished.  The  premise  that  Fed¬ 
eral  Oovernment  goods  exhibit  ele- 
Bients  that  cam  be  used  from  a  str¬ 
ategic  sense  in  the  buying  process 
led  to  an  attempt  to  identify  and 
classify  these  elements.  Through  a 
panel  of  experts  a  theoretical  struc¬ 
ture  was  established.  Questionnaires 
were  used  to  obtain  data  for  classi¬ 
fication  purposes.  A  model  classifi¬ 
cation  scheme  was  developed  as  the 
basis  for  further  investigation.  A 
second  study  was  undertaken  to  exam¬ 
ine  homogeneous  goods  with  specific 
sets  of  buyers.  The  study  has  also 
been  ei^anded  to  include  services 
purchased  by  the  Federal  Government. 
A  third  study  was  undertaken  to  exam¬ 
ine  the  practical  applications  and 
benefits  that  can  be  gained  through 
use  of  the  taxonomy.  This  is  a  con¬ 
tinuing  research  effort. 


POBUCATIGH:  Lamm,  D.V.,  Prendergest, 
J.,  Wenger,  B.,  and  Sheehan,  B., 
"Application  of  a  Taxonomical  Struc¬ 
ture  for  Classifying  Federal  Govern¬ 
ment  Goods,"  in  Proceedings  of  the 
1993  Acquisition  Research  Symposium, 
pp.  409-420,  June  1993. 

CONFSRSNCB  PRBSBHTATIOH:  Lamm,  D.V. , 
and  Prendergast,  J. ,  "Application  of 
a  Taxonomical  Structure  for  Classify¬ 
ing  Federal  Government  Goods ,  ”  Acqui  - 
sition  Research  Syiiq>osium,  Rockville, 
MD,  22  June  1993. 

THBSBS  DIRBCTBD:  Sheehan,  B.W.,  "A 
Taxonomy  of  Goods  Procured  by  the 
Federal  Government:  Applications  and 
Benefits,"  Master's  Thesis,  December 
1992. 

Beeson,  K.,  "Expanded  Applications 
and  Benefits  of  a  Taxonomy  of  Goods 
Procured  by  the  Federal  Government," 
Master's  Thesis,  June  1993. 

DOD  KST  TBCHMOLOCT  ARBA:  Other. 

KEYWORDS:  Taxonomy,  Procureswnt, 
Acquisition,  Purchasing,  Contracting. 
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DEFINITIONS  OF  COliTRACTIliG  TKRMS 
D.V.  Lamm,  Associate  Professor 
Department  of  Systems  Management 
Funding:  Ibifunded 


OBJICTIVB:  Th«  objective  of  this 
project  was,  end  continues  to  be,  the 
dovelopsient  of  a  dictionary  of  con¬ 
tracting  terms. 

SUMO  ST  I  The  contracting  profession 
has  boon  criticized  over  the  past 
several  years  for  the  lack  of  clear 
definitions  for  a  number  of  its 
terms.  Beginning  in  1988,  NPS  and 
the  Air  Force  Institute  of  Technology 
(AFIT)  have  collaborated  on  a  project 
to  develop  a  dictionary  of  contract¬ 
ing  terms  to  be  used  by  the  profes¬ 
sion.  The  work  has  been  accomplished 
principally  by  graduate  thesis  stu¬ 
dents  at  both  institutions  in  the 
contracting  curricula.  Approximately 
500  terms  have  been  earmarked  for 
definition,  and  approximately  350 
terms  have  been  defined.  The  process 
involves  a  comprehensive  review  of 
the  literature.  Including  the  Federal 
Acquisition  Regulation  (FAR) ,  to 
determine  how  a  term  is  currently 
defined  and  to  develop  a  "working" 
definition.  A  survey  questionnaire 
is  used  with  selected  experienced 
contracting  professionals  to  obtain 
feedback  concerning  the  terms  use  in 
practice.  Responses  are  synthesized 
and  a  new  proposed  definition  is  pre¬ 
sented.  Terms  are  then  published  in 


the  Contract  Manaceawnt  journal  with 
an  invitation  to  respond  to  the  re¬ 
searcher  regarding  any  racoasMnded 
changes . 

PDBIalCATZOH:  Lamm,  D.V.  and  Fursch, 
W.C.,  "A  Dictionary  of  Contracting 
Tanas,  Part  III,”  Contract 
ment,  Vol.  33,  Issue  4,  pp.  16-21,  23 
April  1993. 

THBSBS  DIRBCTSDt  Zarou,  M.M. ,  "A 
Dictionary  of  Acquisition  and  Con¬ 
tracting  Tenns,"  Master's  Thesis, 
December  1992. 

Omeechevarrla,  O.D.,  "A  Dictionary  of 
Acquisition  and  Contracting  Tenw," 
Master's  Thesis,  December  1992. 

Furforo,  M.S.,  "A  Dictionary  of 
Acquisition  and  Contracting  Teraw,” 
Master's  Thesis,  December  1992. 

Hayes,  S.T.,  "A  Dictionary  of  Acqui¬ 
sition  emd  Contracting  Tenns” 
Master's  Thesis,  December  1992. 

DOD  KST  TBCHMOLOGT  ARXA:  Other. 

KEIMDRDS:  Acquisition,  Procurement, 
Definitions,  Contracting,  Pxirchaalng. 
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COMTRACT  HBGOTIATIOMS 
D.V.  Lamm,  Aasociate  Professor 
Department  of  Systems  Management 
Funding;  Itafunded 


OBJBCnVBt  Th«  focus  of  this 
rsssarch  was  to  axsaine  use  of  the 
slanilatod  negotiation  method  in  prep¬ 
aration  for  contract  negotiations. 

SnSlflPT ;  This  research  examined  the 
affect  on  a  negotiated  outcome  if 
buyers  engage  in  preparatory  simulat¬ 
ed  negotiations.  If  it  is  found  that 
simulated  nagotiatlons  result  in  a 
significantly  improved  outcome  during 
actual  negotiation,  then  the  conduct 
of  such  preparatory  simulated  negoti¬ 
ations  could  enhance  negotiator  ef- 
factlvanass.  One  himdred  and  thirty 
nine  negotiations  involving  DOD  buy¬ 
ers,  industry  contractors,  and  gradu¬ 
ate  students  were  conducted.  The 
data  collected  from  these  negotia¬ 
tions  included  the  prices  negotiated 
and  a  quel'*  tatlve  assessment  based  on 
the  respondent's  answers  to  a  series 
of  questions.  Based  on  an  analysis 
of  those  data,  it  was  concluded  that 
buyers  engaging  in  simulated  negotia¬ 
tions  Isqiroved  the  negotiation  out- 
cemm.  The  study  also  reports  the  key 
dlfforoncos 


concerning  the  utility  of  simulated 
negotiations  among  the  throe  test 
groups . 

PDBUCATIOH:  Lamm,  D.V.  and  Bennett, 
R.,  "Simulated  Negotiations:  A  Mea¬ 
sure  of  Their  Effectiveness  on  Nego¬ 
tiated  Outcome, "  in  Proceedings  of 
the  1993  Acquisition  Research  Sympo¬ 
sium,  pp.  421-431,  Jxina  1993. 

ONIFBRBMCB  PRBSBmTATIOV:  Lamm,  D.V. 
and  Bennett,  R.,  "Simulated  Negotia¬ 
tions:  A  Measure  of  Their  Effective¬ 
ness  on  Negotiated  Outcome,  "  Acquisi¬ 
tion  Research  Synposlum,  Rockvlllo, 
MD,  23  June  1993. 

THESIS  DIRECTED:  Besch,  T.M.,  "Iden¬ 
tification  of  Negotiation  Tactics  and 
Strategies  of  Army  Negotiators," 
Master's  Thesis,  December  1992. 

DOD  KET  TECHNOLOCT  AREA:  Other. 

KEIWORDS:  Contracting,  Negotiations, 
Acquisition. 
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IN  SUPPORT  OF  m/BUPKKS 
S.L.  Mehay«  Professor 
N.  Bitelberg,  Associate  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  Deputy  Chief  of  Naval  Operations  (MPT) 

Nl/BUPBRS,  Washington,  DC 


OBJSCnvl:  This  project  provided  an 
uabrelle  funding  within  which  indi¬ 
vidual  projects  were  proposed  and 
carried  out  by  individual  research¬ 
ers.  Mehay  coordinated  the  overall 
project  and  facilitated  interactions 
between  Individual  MPT  faculty  and 
M1/B0PBRS . 

The  two  specific  sub-projects  were: 

(1)  "An  analysis  of  the  determinants 
of  the  decision  by  enlisted  personnel 
to  voluntarily  separate  from  the  Navy 
in  response  to  the  VSI/SSB  bonus 
prograM,  and  an  analysis  of  the  net 
effect  of  the  program  on  retention;" 

(2)  "An  analysis  of  the  propensity 
for  nontraditlonal  occupations  among 
women. " 

SUMMAKT:  (1)  This  project  involved 
analyzing  the  acceptance  decisions  of 
enlisted  Navy  personnel  eligible  for 
the  VSI/SSB  voluntary  separation 
bonuses.  The  project  also  conducted 
a  quasi -experiment  to  determine  the 
net  eff  ect  of  the  separation  bonus 
program  on  retention. 

(2)  This  project  analyzed  data  from 
various  labor  market  surveys  and  navy 
surveys  to  datarmine  occupational 
propensity  among  civilian  women  and 
the  occupational  distribution  of 
woiBen  in  the  civilian  labor  force  to 
identify  patterns  useful  for  predict¬ 
ing  occupational  choices  among  navy 
enlisted  personnel. 


Bonus:  The  Case  of  Military  Person¬ 
nel,"  Technical  Report  in  process. 

THKSBS  DIRXCTKD:  Kirby,  Mary  A.,  LT, 
nSM,  "A  Multivariate  Analysis  of  the 
Effects  of  the  VSX/SSB  Separation 
Program  on  Navy  Enlisted  Personnel," 
Masters  of  Science  in  Management, 
March  1993 . 

Noblit,  Mark  L. ,  CAPT,  OSMC,  "Fore¬ 
casting  VSI/SSB  Take  Rates  for  En¬ 
listed  Marine  Corps  Personnel,"  Mas¬ 
ters  of  Science  in  ManagesMnt,  March 
1993. 

Giarizzo,  Sal,  LT,  USN,  "An  Analysis 
of  Enlisted  Early  Separations  Ohder 
the  Navy's  VSI/SSB  Program:  TThe  Im¬ 
pact  of  Eligibility  and  Program  Bene¬ 
fits,”  Masters  of  Science  in  Manage¬ 
ment,  December  1993. 

Skoeik,  David  J. ,  CDR,  DSN,  "A  Longi¬ 
tudinal  Analysis  of  the  Acceptance 
Rates  of  the  Navy' s  Voluntary  Separa¬ 
tion  Incentive/  Special  Separation 
Benefit  Program, "  Masters  of  Science 
in  Management,  December  1993. 

Brown,  Marshall  B.,  LT,  DSN,  "An 
Analysis  of  the  Propensity  for  Mon- 
traditional  Occupations  Among  Civil¬ 
ian  and  Navy  Women,"  Masters  of  Sci¬ 
ence  in  Management,  December  1993. 

DOD  KXT  TBCHNOLOCT  ARBA:  Other. 

KEYWORDS:  Separation  Bonus,  VSI/SSB, 
Retention  and  Promotion. 


OIHRR:  Mehay,  S.  and  Hogan,  P.,  "The 
Decision  to  Accept  a  Separation 
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RKSYSTKMIZATIOM  MODELLIMG  SUPPORT 
A.W.  Mclfasters,  Professor  of  Operations  Research  and 

Systems  Mauaageaent 
Department  of  Systems  Manageasent 
Sponsor:  Navy  Supply  System  Command 
Funding:  Nona 


OBJSCTIVI:  A  continuing  project  to 

develop  a  Wholesale  level  inventory 
sndel  tor  the  Navy  to  use  to  replen¬ 
ish  their  inventories  of  repairable 
iteaui;  the  objective  fvinction  of  this 
B»del  should  be  related  to  readiness. 

SnmnWT:  a  new  inventory  model  for 
managing  repairables  at  the  Wholesale 
or  Inventory  Control  Point  (ICP) 
level  is  needed  to  determine  when  to 
replenish  repairable  items  associated 
with  a  specific  weapon  system.  This 
B»del  should  have  the  same  objective 
function  as  the  wholesale 
provisioning  (or  first  buy  quantity) 
model  developed  on  this  project  be¬ 
tween  1982  and  1986;  namely,  the 
minimisation  of  the  aggregate  Mean 
Supply  Response  Time  (MSRT) . 

Investigation  of  a  realistic  simula¬ 
tion  model  of  the  Navy's  repairable 
Inventory  isanagement  process  contin¬ 
ued  this  past  year,  with  the  help  of 
an  OR  thesis  student,  which  allowed 
determination  of  the  empirical 
time  -  weighted  distributions  for  the 


inventory  position  (IP)  and  the  net 
inventory  levels.  This  year's  effort 
were  concentrated  on  detensining  the 
distribution  of  net  inventory  and  the 
relationship  between  the  mean  and 
variance  of  the  net  inventory  distri¬ 
bution  as  a  function  of  the  various 
iiiq>ortant  parameters  used  by  the  Navy 
in  its  BianagesMnt  of  such  items.  The 
net  inventory  distribution  was  fo:md 
to  be  normally  distributed  for  the 
set  of  parameter  values  selected.  A 
linear  relationship  was  observed 
between  the  siean  of  the  distribution 
and  the  product  of  the  carcass  return 
rata  and  repair  survival  rate. 

THESIS  DIRSCnD:  Maher,  K.  J. ,  LT, 
SC,  nSN,  "A  Simulated  Single-Item 
Aggregate  Inventory  Model  for  0.  S. 
Navy  Repairable  Items,”  Master's 
Thesis,  September  1993. 

DOD  KEY  TECHNOLOGY  AREA:  Other. 

KEZWORDS:  Inventory  Management, 
Repairidjle  Itesis,  Inventory  Model. 
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COST/KFFBCTIVKilESS  A1IM.YS18  OF  TOE  M^VaU,  AIBCHAFT  BWTM 
COMPOMSIiT  IMPROVKiiKIIT  PBOQgAM 
A.W.  McMaatsrs,  Professor  of  Operations  Research  and 

Systens  Management 
Department  of  Systems  Management 
Sponsor  and  Funding:  Naval  Air  Systemm  Command 


OBJBCTXW:  A  continuing  pro j act  to 
dovolop  aodala  to  prodict  th«  savings 
in  lifs-eycls  costs  of  proposed  sngi- 
nssring  changes  intended  to  improve 
reliability,  suiintainability,  and 
sustainability  of  turbine  aircraft 
engines  for  Naval  aircraft. 

SOBIAinrx  An  isfiortant  element  of 
aircraft  logistical  support  is  the 
aircraft  engine  Component  Iiiq;>rovement 
Program  (CIP)  .  The  CZP  is  essential 
for  the  continuing  evolution  of  these 
engines.  This  project  is  looking  for 
ways  to  justify  that  program.  The 
first  phase  was  to  examine  the  cur¬ 
rent  life-cycle  cost  models  used  by 
the  Air  Force  and  the  Navy  which  are 
intended  to  show  the  expected  savings 
from  a  specific  proposed  conqponent 
improvement.  NPS'  evaluation  of  the 
Air  Force's  Cost  Effectiveness  Analy¬ 
sis  Nodel  (CBAMOD)  has  resulted  in 
its  replacing  the  Navy's  in  May  1993. 
The  second  phase  is  to  validate  the 
actual  costs  and  logistics  effective¬ 
ness  of  the  CIP  by  looking  at  histor¬ 
ical  data.  That  may  also  suggest 
ideas  for  an  ijqxroved  model.  A  third 
phase  was  added  this  past  year  by  the 
sponsor  which  addresses  the  problem 
of  justifying  warranties  on  aircraft 
engines . 

A  User's  Manual  for  the  Cost  Effec¬ 
tiveness  Analysis  Model  (CEAMOO)  was 
developed  for  Version  2.0,  the  EXCEL 
version  of  the  CEA  model  accepted  by 
the  Navy  in  May.  Analysis  of  the 
effect  of  eliminating  the 
Integeri ration  of  certain  calcula¬ 
tions  in  the  model  was  also  conduct¬ 
ed;  no  change  in  the  decision  to 
isgxlement  a  CIP  Engineering  Change 


Proposal  was  found.  A  break-through 
in  the  analysis  of  the  J-52  engine 
was  achieved  with  the  analysis  of  the 
spline  drive  for  the  fuel  pua^.  This 
was  the  first  time  an  actual  analysis 
was  able  to  be  completed  to  determine 
the  cost/benefit  of  CZP  fimding  and 
the  expected  saving  in  swlntenance 
costs  over  the  remaining  life-cycle. 
The  warranty  study  identified  the 
fact  that  the  Navy  cannot  be  given 
replacement  parts  (because  that  would 
be  a  'gift'  to  the  govenuasnt)  nor 
can  the  repairing  organization  recov¬ 
er  its  costs  since  the  vendor  can 
only  sand  the  money  to  the  Federal 
Treasury. 

THESES  DIBECTEDt  Andrews,  N.S.,  LT, 
USN  and  Hickey,  S.C.,  CPT,  USA,  "Ana¬ 
lysis  of  Navy  Aircraft  Engine  and 
Engine  Component  Warranties," 
Master's  Thesis,  December  1993. 

Jones,  M.A.,  LT,  USN,  "An  Analysis  of 
the  Costs  and  Benefits  in  Zaq;>roving 
the  J52  Fuel  Pump  Main  Gear  Spline 
Drive  under  the  Aircraft  Engine  Com¬ 
ponent  Isqprovemant  Program,"  Master's 
Thesis,  June  1993. 

Rau,  K.F.,  LCDR,  SC,  USN,  "An  Analy¬ 
sis  of  Non-Integerizing  the  Aircraft 
Engines  Cost  Effectiveness  Analysis 
Spreadsheet  Model  (CEAMOD  Version 
2.0)”,  Master's  Thesis,  Deceziber 
1993. 

Reeves,  R.R.,  LCDR,  SC,  USN,  "A 
User's  Manual  for  the  Cost  Effective¬ 
ness  Analysis  Spreadsheet  Model  for 
Aircraft  Engines  (CEAMOD  Version 
2.0),"  Master's  Thesis,  December 
1993. 
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Othar . 


BRWQKDSt  Naval  Aircraft  Bnginaa, 
n  til  mailt  Program  (CXP) , 

Coat/baaaflt  Analysia,  Aircraft 
■nglaa  Warrantlas. 
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INVESTIGAT j.  OF  COST  PROGRESS 
MODEL  ACCURACY  AMD  Bgt.TABTI.TTY 
O.D.  Moses,  Associate  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  Naval  Postgrad\iate  School 


OBJBCnvS:  This  project  continues 
the  Inveetigetor' s  program  o£ 
research  on  the  performance  of  cost 
estlmatlon/cost  progress  models .  The 
goal  of  this  year's  effort  was  to 
assess  the  forecast  accuracy  and 
reliability  of  alternative  cost  pre¬ 
diction  models. 

SUMOUIT:  Cost  progress  models 
refer  to  a  class  of  cost  estimation 
models  used  to  describe  and  forecast 
the  pattern  of  costs  expected  during 
a  repetitive  production  or  procure¬ 
ment  process.  Different  types  and 
forms  of  cost  progress  models,  such 
as  learning  curve  models  and  produc¬ 
tion  rate  models,  commonly  used  in 
DoD  practice,  were  identified  and 
selected  for  Investigation.  Cost 
data  for  a  large  ssunple  of  major 
military  aerospace  weapon  system 
programs  was  collected. 

The  various  different  cost  progress 
models  were  fit  to  the  aerospace 
program  cost  data  and  then  used  to 
forecast  future  expected  cost.  Fore¬ 
casted  costs  and  actual  realized 
costs  were  coiQ>ared  to  measure  fore¬ 
cast  error,  and  quantify  accuracy  and 
bias,  for  each  individual  cost  prog¬ 
ress  model.  Different  variables  re¬ 
lating  to  forecasting  conditions  were 
identified.  How  the  absolute  and 
relative  accuracy  of  the  alternative 


Btodels  depended  on  the  forecasting 
conditions  was  documented. 

PDBDICATIQHS :  Moses,  O.D.,  "Error 
Patterns  from  Alternative  Cost  Prog¬ 
ress  Models,”  NPS  Technical  Report, 
NPS -AS -93-025,  November  1993. 

Moses.  O.D.,  "On  the  Reliability  of 
Indicators  of  Learning  Curve  Model 
Accuracy, "  Journal  of  Cost  Analysis. 
1993,  forthcoming. 

COMFBRBHCB  PRKSKHTATIOHS :  Moses, 
O.D.,  "On  Indicators  of  Cost  Progress 
Model  Accuracy, ”  ORSA/TIMS  National 
Meeting,  Phoenix,  AZ,  November  1993. 

Moses,  0.  D.,  "On  the  Reliability  of 
Indicators  of  Learning  Curve  Model 
Accuracy, "  Society  of  Cost  Bstimating 
and  Analysis,  National  Conference, 
Phoenix,  AZ,  June  1993. 

OTHER:  Papers  reporting  on  this 
project's  research  results  have  been 
submitted  to  the  Journal  of  Coat 
Analysis  and  the  annual  conference  of 
the  International  Society  of  Paramet¬ 
ric  Analysts. 

DOD  KEY  TECHNOLOGY  AREA:  Other. 

KEYNORDS:  Cost  Progress  Models, 
Learning  Curves,  Forecasting,  Cost 
Estimation. 
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DESIGM  RATIOMALE  CAPTURE  AMD  REUSE 
TO  SUPPORT  SYSTEMS  DEVELOPMEMT 
B.  Ramesh,  Assistant  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  Naval  Postgraduate  School 


OBJBCTXVB:  Th«  objective  of  this 
reaearch  is  to  develop  an  environment 
to  support  various  stakeholders  in¬ 
volved  in  systesis  development  by 
reasoning  with  design  rationale  know¬ 
ledge. 

SUMMaRT:  Large  scale  systems  devel¬ 
opment  and  maintenance  efforts  are 
often  hindered  because  much  of  the 
richness  of  the  design  process,  name¬ 
ly  the  process  knowledge,  involving 
the  deliberations  on  alternative 
design  decisions  is  lost  in  the 
course  of  designing  and  changing  such 
systems.  We  have  developed  a  model 
that  is  geared  towards  capturing  the 
rationales  behind  design  decisions 
and  using  this  knowledge  to  reason 
about  changes  in  design  decisions. 
The  use  of  this  model  in  software 
developsient  based  on  knowledge  based 
refinement  paradigm  was  investigated. 
Use  of  the  model  for  representation 
and  reasoning  with  rationale  behind 
formal  specifications  will  greatly 
aid  transformational  development  of 
systems  based  on  formal  specifica¬ 
tions.  A  major  objective  of  this 
research  is  to  elevate  the  process  of 
systesis  maintenance  to  the  level  of 
specifications  and  the  rationale 
behind  their  creation.  Further,  a 
prototype  environment  to  capture  and 
reuse  rationale  to  support  various 
systesis  development  activities  is 
being  developed. 

PUBLICATIONS:  Ramesh,  B.  and  Lugi, 
"Process  Knowledge  Based  Rapid  Proto¬ 
typing,  ”  in  proceedings  of  the  IEEE 
International  Symposium  on  Require - 
sients  Engineering,  San  Diego, 


CA.  January  1993. 

Ramesh,  B.  and  Dhar,  V.,  "Representa¬ 
tion  and  Maintenance  of  Process  Know¬ 
ledge  for  Large  Scale  Systesis  Devel¬ 
opment,"  IEEE  Expert,  Special  Series 
on  Knowledge  Based  Software  Engineer¬ 
ing,  accepted  for  publication. 

THESES  DIRECTED:  Morris,  Debra  A., 
LT,  USN  and  Paco,  Tina  M. ,  LT,  USM, 
"Towards  an  Inforsiation  Modal  and 
Mechanlssis  for  Design  Rationale  Cap¬ 
ture  and  Dse,"  Master's  Thesis,  Sep¬ 
tember  1993 . 

Martinelli,  Joseph,  LT,  USH,  "An  Xll 
Graphical  Interface  for  the  Represen¬ 
tation  and  Maintenance  of  Process 
Knowledge  (REMAP)  Model,"  Masters's 
Thesis,  September  1993. 

Hughes,  Freunk,  LCDR,  USN  and  Kendall, 
Steven,  CAPT,  USMC,  "An  Implementa¬ 
tion  of  the  Representation  and  Main¬ 
tenance  of  Process  Knowledge  (REMAP) 
Model  in  the  Knowledge  Based  Software 
Assisteuxt  Concept  Demonstration  Sys¬ 
tem,"  Master's  Thesis,  Septasdser 
1993. 

OTHER:  The  REMAP  model  and  mechanissm 
developed  in  this  research  are  being 
incorporated  in  the  Jcnowledga  based 
software  assistant  CASE  tool  proto¬ 
type  being  developed  by  the  D.S.  Air 
Force. 

DOD  KEY  TECHMOLOCT  AREA:  Con^uters, 
Software,  Design  Automation. 

KEYWORDS:  Design  Rationale,  Process 
Knowledge,  Systems  Development. 
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CXMlPm  TRACEABILITY  TECHKIQDKS  FOR  LARGB  SCAUR  SYSTBMS 
B.  Ramesh,  Assistant  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  Naval  Surface  Warfare  Center, 

Dahlgren  Divisicxa 


OBJKTZVS:  Tha  objective  of  this 
research  is  to  develop  a  model  of 
requirements  traceability  to  sup¬ 
port  various  stakeholders  in  large 
scale  systems  development. 

SnSMART:  Development  of  complex, 

mission  critical  systems  involves 
modification,  refinement  and  evolu¬ 
tion  of  initial  requirements  that 
lead  to  design  solutions.  In  order  to 
provide  intelligent  and  useful  sup¬ 
port  to  the  process  of  design  and 
maintenance,  a  formal  representation 
of  the  linkages  between  the  design 
solutions  and  the  requirements  is 
essential.  A  cosqirehensive  traceabil¬ 
ity  scheme  should  not  only  identity 
traceability  linkages  to  be  main¬ 
tained,  but  also  provide  the  mecha¬ 
nisms  to  support  use  in  systems  de- 
velopsient  and  loalntenance  activities. 
Based  on  an  extensive  empirical  study 
of  systems  development  personnel, 
this  project  has  developed  such  a 
model  for  requirements  traceability 
and  identifies  desired  features  in  an 
ideal  requirements  traceability  tool. 
Further,  using  a  study  of  current 
practices,  the  issues  in  adopting  a 


coiiq>rehen8ive  scheme  of  traceability 
are  also  highlighted. 

PDBI.ICATIOHS :  Ramesh,  B.  and 
Edwards,  M. ,  "Issues  in  the  Develop¬ 
ment  of  a  Model  for  Requiresients 
Traceability, ■  in  Proceedings  of  the 
IBBB  International  Symposium  on  Re¬ 
quirements  Engineering,  San  Diego, 
CA,  January  1993. 

THBSBB  DIRBCTKD:  Powers,  Tistothy, 
LCDR,  USC6  and  Stubbs,  Curtis  D.,  LT, 
USN,  *A  Study  of  Current  Practices 
of  Requlresients  Traceability  in  Sys¬ 
tems  Development,  Master's  Thesis, 
September  1993. 

Harrington,  Gale,  Alicia,  CPT,  USA 
and  Rondeau,  Kathleen,  Marie,  LCDR, 
USN,  "An  Investigation  of  Require¬ 
ments  Traceetbility  to  Support  Systesui 
Development,"  Master's  Thesis,  Sep¬ 
tember  1993. 

DOD  KBT  TECHHOLOGT  AREA:  Cosqputers, 
Software,  Design  Automation. 

KETMORDS:  Recjuirements  Traceability, 
Systems  Development. 
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gyALTO^TIOif  OF  SKCDRITY  COSTS  INCURRED  BY  IMDUSTRY 
FOR  PKDKRAL  GOVERMlIKliT  CONTRACTS 
J.G.  San  Miguel,  Professor  of  Financial  Management 
Department  of  Systems  Management 
Sponsor  and  Funding:  National  Industrial  Security  Program 

Washington,  DC 


OBJSCrXVSt  This  field  research  at  a 
•aaple  of  defense  contractors  gath¬ 
ered  Infonsatlon  from  industry  execu¬ 
tives  on  the  nature  of  security  costs 
incurred  on  federal  security  require- 
BMnts,  the  coBq>onents  of  security 
costs,  the  accounting  treatment  for 
security  costs,  and  the  reporting  of 
security  costs.  The  work  will  con¬ 
tinue  as  part  of  the  Joint  Security 
Caasslssion' a  tasks. 

SnaiaKr:  in  cooperation  with  indus¬ 
try  and  govermnent  executives  the 
National  Industrial  Security  Program 
(NISP)  was  established  to  improve  the 
efficiency  and  cost  effectiveness  of 
federal  government  security  programs 
required  of  Industry.  As  part  of 
this  undertaking  there  was  a  need  to 
establish  a  baseline  for  costs  being 
incurred  by  both  industry  and  govern¬ 
ment  security  agencies,  primarily  the 
Departamnt  of  Defense,  the  Department 
of  Bnergy,  and  the  Central  Intelli¬ 
gence  Agency.  This  research  project 
pertains  to  the  mission  of  the  NISP 
Resources  Working  Group.  This  Work¬ 
ing  Group  sought  to  determine  the 
feasibility  and  the  ioplementation  of 
a  periodic  cost  gathering  procedure 
for  Industry's  security 
organisations.  The  research 
SMthodology  for  this  study  consisted 


of  visits  to  a  sasple  of  companies 
that  have  varying  security 
requirements  and  that  are  of 
different  sizes.  In  addition,  the 
security  requirements  are  related  to 
the  three  agencies,  DoD,  DoB,  and 
CIA.  Personal  interviews  were 

conducted  at  each  individual  site. 

POBUCATION:  San  Miguel,  J.G., 

"Industrial  Security  Costs:  An 

Analysis  of  Reporting  Practices,"  NPS 
Technical  Report,  NPS-AS-93-020, 
August  1993. 

THRSIS  DIRBCTBD:  Matheny,  P.,  LCDR, 
DSN,  "Resource  Consequences  of 
Altering  the  Delinquency  Debt 
Threshold  Used  in  Background 
Investigations  for  Security  Costs,” 
Master's  Thesis,  Decesiber  1993. 

OTHER:  Briefed  the  Joint  Security 

Commission,  Department  of  Defense  and 
Director  of  Central  Intelligence. 
The  Commission  was  established  in 
March  1993  as  part  of  the  Vice 
President  Gore's  Reinventing 
Government  Progreun. 

DOD  KMT  TBCBNOLOGT  ARKA:  Other. 

KEYWORDS:  Cost,  Security, 

Allocation. 
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J.6.  San  Miguel,  Professor  of  Financial  Managemrat 
Department  of  Systems  Management 
Sponsor  and  Funding:  Activity  Based  Management  Task  Force, 
American  Institute  of  Certified  Public  Accountants 


OBJSCTIVB:  The  aim  of  this  research 
project  is  to  develop  a  new  approach 
to  profit  variance  analysis  that 
incorporates  new  theories  concerning 
coat  definitions,  aggregation,  and 
conpetitive  analysis. 

SOISraBT:  Conventional  cost -volume - 
profit  analysis  and  profit  variance 
analysis  has  been  criticized  because 
of  the  underlying  cost  behavior 
assuaqptions  and  unrealistic  decision 
horizon.  Given  recent  changes  in 
cost  definitions,  cost  disaggregation 
theories,  and  use  of  value  added 
factors,  a  new  framework  is  needed  to 
aieet  the  challenges  of  global 
competition  and  information 
technology.  Activity  based  costing 
and,  more  recently,  activity  based 
management  have  provided  new  insights 
into  cost  analysis  and  decision 
making.  In  addition,  the  strategic 
implications  of  costs  and 
competitors'  actions  are  given 
explicit  attention  in  decisions. 


CONFKRKNCB  PItBSRIlTATI(»:  San  Miguel, 
J.G.,  "Activity  Based  Management's 
Potential  Benefits,"  AZCPA  National 
Industry  Conference,  Dallas,  TX,  30 
April  1993. 

OTHER:  San  Miguel,  J.G.  and  J.K. 
Shank,  "Activity  Analysis  Information 
for  Management, ”  Activity  Based 
Management  Task  Force,  American 
Institute  of  Certified  Public 
Accountants,  24  February  1993. 

CASES:  Grand  Jeans  Coiig>any,  July, 
1993;  Bridgewater  Castings,  Inc., 
(Revised)  December  1992;  Abrams 
Company,  February  1993;  Litton 
Industries,  Inc.,  September  1993; 
Emerson  Electric  Company,  revised 
December  1993. 

DOD  KEY  TECHM0L06T  AREA:  Other. 

KEYNORDS;  Strategy,  Variance 
Analysis,  Cost,  Competitive  Analysis. 
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A  SOFTWARB  RELIABILITY  MODEL  WITH  OPTIKAI.  SKLBCTKai  OF  FAILTOK 
DATA  AND  A  METHODOLOGY  FOR  APPLYING  METRICS  ON  MDLTIPLB  PROJECTS 
N.F.  Schneidewind,  Professor  of  Information  Sciences 
Department  of  Systems  Management 
Sponsor:  Dr.  William  H.  Farr,  Code  B-10,  Naval  Surface  Warfare 

Center,  Dahlgren,  VA  22448 


OBJBCXIVIS :  (1)  Davelop  enhancement  to 
the  Schneidewlnd  software  reliability 
model  for  determining  the  optimal  length 
of  failure  history  to  use  in  the  model; 
(2)  Continue  research  on  a  methodology 
for  applying  metrics  across  multiple 
projects. 

SmUVT;  (1)  Research  was  conducted  on 
the  feasibility  of  optimally  selecting 
failure  data  in  order  to  identify  the 
optimal  sat  of  model  parameters  that 
would  result  in  maxlmtnn  predictive 
accuracy,  using  the  Schneidewlnd 
Software  Reliability  Model  as  a  vehicle 
for  the  research.  The  research  showed 
that  significantly  liiq;>roved  reliability 
predictions  can  be  obtained  by  using  a 
subset  of  the  failure  data,  based  on 
applying  the  appropriate  criteria,  and 
using  the  Space  Shuttle  On-Board 
software  as  an  exaiiq;>le.  As  a  result  of 
this  research,  an  enhanced  version  of 
the  Schneidewlnd  model  was  implemented 
in  the  latest  version  of  the  NSHC  SMERFS 
software  reliability  tool. 

(2)  A  process  was  developed  for  applying 
sietrics  across  multiple  projects  and  a 
methodology  was  developed  for  assessing 
the  risks  of  applying  metrics  on 
multiple  projects. 

PDBUCATICHS:  Note:  All  of  the  following 
conference  papers  and  tutorials  were 
presented  at  the  conference  and 
tutorial . 

Schneidewlnd,  N.F.,  "Software 
Reliability  Model  with  Optimal  Selection 
of  Failure  Data, "  IBEE  Transactions  on 
Software  griqineerinc.  November  1993. 


Schneidewlnd,  N.F.,  "BxperisMntal 
Designs  for  Validating  Metrics  and 
Applying  them  across  Multiple  Projects," 
Lecture  Notes  in  Computer  Science,  706, 
H.  Dieter  Rombach,  Victor  R.  Basil!,  and 
Richard  W.  Selby,  eds..  Experimental 
Software  Engineering  Issues:  Critical 
Assessment  and  Future  Directions, 
International  Workshop,  Dagstuhl  Castle, 
Germany,  September  1992  in  Proceedings, 
Springer-Verlag,  pp.  216-220,  1993. 

Schneidewlnd,  N.F.,  "Report  on  the  lERR 
Standard  for  a  Software  Quality  Metrics 
Methodology,  IEEE  Std  1061-1992,"  in 
Proceedings  of  the  Conference  on 
Software  Maintenance  '93,  Montreal, 
Canada,  pp.  104-106,  28  September  1993. 

Schneidewlnd,  N.F.,  Panel: 
"Standardization  Issues  in  Software 
Reliability  Engineering, "  (position 
statement) ,  in  Proceedings  of  the 
Software  Engineering  Standards 
Symposium,  Brighton,  X7X,  pp.  94-97,  2 
September  1993. 

Schneidewlnd,  N.F.,  "Standardization  of 
Software  Reliability  Estimation  and 
Prediction:  Application  to  Space 
Systems, "  in  Proceedings  of  the  Software 
Engineering  Standards  Symposium, 
Brighton,  UK,  pp.  164-166.1  Septanber 
1993. 

Schneidewlnd,  N.F.,  "Methodology  for 
Software  Quality  Metrics,"  Software 
Engineering  Standards  Symposium, 
tutorial,  Brighton,  UK,  30  August  1993. 

Schneidewlnd,  N.F.,  "Optimal  Selection 
of  Failure  Data  for  Predicting  Failure 
Counts,"  in  Proceedings  of  the  1993 
Complex  Systems  Engineering  Synthesis 
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and  AssasnMnt  Tach  gy  Workshop, 
Naval  Surfaea  Warfare  iv.  White  Oak, 
HD,  pp.  141-157,  21  July  1993. 

Sehnaidawind,  N.F.,  "Software 
Reliability  Modal  with  Optimal  Selection 
of  Failure  Data, ”  in  Proceedings  of  the 
Fifteenth  Minnotdsrook  Workshop  on 
Software  Engineering,  Blue  Mountain 
bake,  NY,  pp.  180-199,  14  July  1993. 

Sehnaidawind,  N.F.,  "New  Software- 
Quality  Metrics  Methodology  Standard 
fills  Bieasurament  need,  "  lEEB  Computer, 
Vol.  26,  No.  4,  pp.  105-106,  April  1993. 

Sehnaidawind,  N.F.,  Editor,  IEEE 
Standard  for  a  Software  Quality  Metrics 
Methodology,  ISEB  Std  1061-1992,  12 
March  1993. 

Sehnaidawind,  M.F.,  "Software 
Reliability  Model  with  Optimal  Selection 
of  Failure  Data, "  in  Proceedings  of  the 
1993  Annual  Oregon  Workshop  on  Software 
Metrics,  23  March  1993. 

Sehnaidawind,  M.F.,  "Validating  and 
Applying  Software  Metrics  on  Multiple 
Projects,"  tutorial,  DECollege,  City 
Hilton  Hotel,  Munich,  Germany,  27 
January  1993. 

Sehneldewlnd,  N.F.,  "Applying 
Reliability  Models  to  the  Maintenance  of 
Space  Shuttle  Software, "  in  Proceedings 
of  the  NASA/Goddard  Software  Engineering 
Laboratory  Seventeenth  Annual  Software 
Bnglneerlng  Workshop,  Greenbelt,  MD,  pp. 
286-292,  2  December  1992. 

Sehnaidawind,  M.F.,  Panel:  "Reliability 
Models  and  Metrics  for  Space  Shuttle 
Maintenance,"  (Position  Statement),  in 
Proceedings  of  the  Conference  on 
Software  Maintenance  -  1992,  Orlando, 
FL,  p.  386,  12  November  1992. 

Keller,  T.W.  and  Sehneldewlnd,  N.F., 
"J^pplying  Reliability  Models  to  the 
Maintenance  of  Space  System  Software," 
in  Proceedings  of  the  1992  International 


SliBulatlon  Technology  Conference,  pp. 
273-278,  Clear  Lake,  TX,  4-6  Movember 
1992. 

Sehneldewlnd,  Monaan  F.,  "Minimising 
Risks  in  implying  Metrics  on  Multiple 
Projects,"  in  Proceedings  of  the  Third 
International  Synqposium  on  Software 
Reliability  Engineering, "  Raleigh,  MC, 
pp.  173-182,  9  October  1992. 

Sehneldewlnd,  N.F.,  Panel:  "Collection 
and  Application  of  Software  Quality 
Data, "  in  Proceedings  of  the  Third 
International  Symposium  on  Software 
Reliability  Engineering, "  Raleigh,  MC, 
pp.  283-284,  9  October  1992. 

neidewlnd,  N.F.,  Panel  on  American 
.istitute  of  Aeronautics  and 
Astronautics  Recononanded  Practice  for 
Software  Reliability:  Overview, 

Proceedings  of  the  Third  International 
Sympos-tUB  on  Software  Reliability 
Bngineeri,}q, "  '^.alelrh,  MC,  pp.  124-125, 
8  October  j.992. 

COMFKRHHCH  AMD  COLLOgir,>.aM  PRHSBMXATIOMI  t 
Sehneldewlnd,  N.F-,  Panel:  "Ten  Tears 
of  Software  Maintenance:  Pxogreas  or 
Promises?"  (positierv  statement). 
Conference  on  Software  Maintenance  '93, 
Montreal,  Canada,  30  September  1993. 

Sehneldewlnd,  N.F.,  "Report  on  Workshop 
on  Software  Measurement  and  Reliability 
for  Software  Maintenance,"  Conference  on 
Software  Maintenance  '93,  Montreal, 
Canada,  29  September  1993. 

Munson,  J.  and  Sehneldewlnd,  N.F., 
"Software  Measurement  and  Reliability 
for  Software  Maintenance,"  Workshop  held 
in  Conjunction  with  Conference  on 
Software  Maintenance  '93,  Montreal, 
Canada,  26  September  1993. 

Sehneldewlnd,  N.F.,  "Software 

Reliability  Model  with  Optimal  Selection 
of  Failure  Data, "  colloquium, 
Laboratoire  d'  Automatique  at  d'Analyse 
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d«a  Syatwu,  Toulousa,  Franca,  6 
Saptaabar  1993. 

Sehaaldawlnd,  H.F.,  "Do  Ha  Naad 
Standards, "  Software  Bnglnaaring 
Standards  Syaposlua,  Brighton,  UK,  1 
Saptasdiar  1993. 

mSZS  DIUICXBD:  Burton,  Douglas  R.,  LT, 
"Sof  twara  Rallability  Managamant  Through 
Matrles,"  Mastar's  Thaaia,  March  1993. 

(liflBJUi  A  paper  la  In  preparation  to 
report  on  the  latest  rasults  of  this 
research  that  It  la  possible  to  apply 
■atrlcs  on  large  projects  (Space  Shuttle 
flight  software)  to  control,  predict, 
and  assess  software  quality  based  on 
Mtrles  collected  during  design.  The 
approach  was  to  validate  metrics  against 
a  quality  factor  (discrepancy  reports) 


In  accordance  with  the  metrics 
validation  sMthodology  davalopad  by  the 
Investigator  and  that  Is  Included  in  the 
ZBBB  Standard  for  a  Software  Quality 
Metrics  Methodology  (1061) . 

D(»>  BBT  TBCBMOLOOT  ABBA:  Software. 

KBmCMtDS:  Software  Reliability,  Software 
Quality  Metrics. 
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LOCAL  AREA  NBTWORIC  PBRFOMIMiCB  BVALUATKai 
N.F.  Scbneidewind,  Professor  of  Information  Sciences 
Department  of  Systems  Management 
Sponsor:  IMfunded 


(mjBCTIVS:  la^rove  the  prediction 

accuracy  of  a  previously  published  Local 
Area  Network  (LAN)  performance  model. 

STMIART:  A  previously  published  LAN 

performance  model  had  two  user  response 
time  components  that  involved 
transsdssion  on  the  LAN:  simultaneous 
input  requests  of  N^  users  for  service 
from  one  of  N3  servers  transmitted  over 
a  broadband  Bthemet;  and  transsiission 
of  the  requested  inforsiation  over  the 
Bthemet  to  the  N^  user  RAMs.  The 
purpose  of  the  model  was  to  predict  user 
response  time  under  the  condition  of 
stress  on  the  UVN  (i.e.,  when 
all  users  simultaneously  request  the 
sasM  program)  .  In  the  first 
i^lamentation  of  the  model,  the 
Bthemet  response  time  components  were 
SKjdelled  by  classical  formulas.  Although 
the  Biodel  proved  to  be  a  good  predictor 
of  response  time  at  light  and  moderate 
loads,  it  luderestimated  response  time 
at  high  loads.  The  investigator 
developed  a  revised  model  to  correct 
this  deficiency  with  a  novel  way  of 
providing  a  level  of  detail  and  accuracy 
(epochs  of  transmission,  collision 
detection,  backoff,  and  retransmission) 
that  other  analytic  models  of  Ethernet 
performance  do  not  provide. 

PUBIilCATlOW ;  Note:  The  following 

conference  paper  was  presented  at  the 
conference . 


Schneldewind,  N.F.,  "An  Bthemet 
Performance  Model  with  N„  Users 
Simultaneously  Accessing  N3  Servers,"  in 
Proceedings  of  the  Fourth  Workshop  on 
Future  Trends  of  Distributed  Computing 
Systems,  Lisbon,  Portugal,  pp.  276-282, 
23  September  1993. 

COHFBRBMCB  PRBSBHTATICW:  Schneldewind, 
N.F.,  "LAN  Performance  Models: 
Assiunptions  Versus  Reality, "  ORSA/TIMS 
National  Meeting,  San  Francisco,  CA,  2 
November  1992. 

OTHBR:  Additional  reflnesients  of  the 
model  involving  nu>re  accurate  Mdeling 
of  deferred  transmission,  collision 
detection,  and  retransBd.ssion  are  being 
developed. 

DOD  KBY  TBCHHOLOGT  ABBA:  Communications 
Networking. 

KBTMORDS:  LAN  Performance  Model, 
Ethernet. 
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CQALITIOW  COMHMiD  AMD  COHTROL 
S.D.  Sessions,  Senior  Lecturer 
C.R.  Jones,  Professor 
Department  of  Systems  Management 
Sponsor  and  Funding:  Institute  For  National  Strategic  Studies 

National  Defense  University 


OBJICTlVKx  Th«  objective  of  the 
research  was  to  prepare  a  case  for 
classroom  discussion  purposes  in 
the  war  colleges  and  the  National 
Defense  Dhlversity. 

SmaUFTi  A  set  of  educational 
objectives  were  established  to  guide 
the  case  development  and  preparation 
functions.  A  library  search, 
including  theses  on  the  subject,  was 
conducted.  The  field  work  included 
interviews  with  senior  military 
officers  and  high  ranking  civilians 
who  had  either  been  involved  in 
humanitarian  coalition  activities  or 
were  knowledgeable  about  them.  The 


entire  process  was  designed  to 
involve  military  officers  in  the 
strategic  aspects  of  coalition 
command  and  control  with  some 
attention  devoted  to  the  tactical 
raailficatlons  of  the  subject.  A 
final  goal  was  to  refine  a  person's 
decision  making  capabilities  in  terms 
of  taking  action  under  quite 
uncertain  conditions. 

DOD  KXT  TBCBH0L06T  ASIA:  Human- 

System  Interfaces. 

KKmOKDS:  Research,  Publications, 

Faculty  Activity  Report. 
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niTKROPgaABILlTY 
S.D.  SessloM,  S«nior  Lecturer 
C.R.  Joaes,  Professor 
Departaent  of  Systeas  Manageaent 
Sponsor  and  Funding:  Institute  For  National  Strategic  Studies 

National  Defense  TMiversity 


WJSCrrVB:  Tha  objactlva  o£  th« 

rasaarch  waa  to  prapara  a  caaa  for 
classroom  discussion  purposes  in 
tha  Advanced  Managasiant  Program  at 
National  Defense  University. 

SUMMART:  A  sat  of  educational 

objectives  ware  established  to  guide 
the  case  development  and  preparation 
fvmctions.  A  library  search, 
including  theses  on  the  s\ibject,  was 
conducted.  The  field  vrork  included 
Interviews  with  senior  military 
officers  and  high  ranking  civilians 
who  had  either  been  involved  in  the 
Bkilitary  actions  of  Desert  Storm  or 
were  knowledgeable  about  them.  The 
entire  process  was  designed  to 
involve  executives  in  the  strategic 


aspects  of  Interoperability  with  sosm 
attention  devoted  to  the  tactical 
ramifications  of  the  subject.  A 
final  goal  was  to  refine  a  person's 
decision  making  capabilities  in  terms 
of  taking  action  under  quite 
uncertain  conditions. 

PUBLIcakTIOa:  Sessions,  S.D.  and 
Jones,  C.R.,  ■Interoperability-A 
Desert  Storm  Case  Study, ■  McNair 
Paper  Eighteen,  National  Defeiue 
university,  July  1993 . 

DOO  XKT  TMCHMOTiOOr  ASSAt  Coasninlca- 
tions  Networking,  llectronic  Devices, 
Human -system  Interfaces. 

KSnoimS:  Desert  Storm,  Decision 
sulking.  Strategy. 
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RTmim  PROJECT 


D.  Nhipple,  Chalnnan  and  Professor 
R.T.  Harris,  Professor 
Departaient  of  Systesis  llanageBent 
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OBjacnvix  Thia  milti-year  project 
will  develop,  field-test,  and 
laplasiont  a  conprehensive  Navy-wide 
executive  management  development 
program  that  will  prepare  selected 
Navy  health  care  managers  for 
executive  positions  in  Navy  HTFs 

SISBDUnrx  In  response  to 
Congressional  mandate  and  the 
concerns  of  top  leaders  in  Navy 
Medicine  about  the  adequacy  of 
preparation  of  senior  military  health 
care  professionals  to  successfully 
serve  in  top  executive  positions  in 
MTFs,  the  Navy  Surgeon  General  asked 
the  DepartBiant  of  Systems  Management 
of  the  Naval  Postgraduate  School  to 
design  a  customized  executive 
management  development  program  that 
would  effectively  and  efficiently 
satisfy  the  Navy's  unique  needs  and 
constraints.  As  an  initial  step,  NFS 
conducted  a  comprehensive  needs 
assessment,  based  on  80  indepth 
interviews  with  senior  Navy  health 
care  executives  and  a  custom-designed 
questionnaire  cospleted  by  476  Navy 
health  care  sianagers.  Each  manager 
offered  self-ratings  on  sixty-six 
management  conpetencies .  Several 
interesting  and  Important  differences 
were  found  between  the  different 
professional  groups  --  physicians, 
dentists,  nurses,  and  allied  health 
professionals,  and  administrators. 
The  results  of  the  needs  assessment 
defined  program  content  and  have 
guided  educational  module  design.  A 
coaprahonslve  program  was  devised  and 
proposed  to  the  sponsor  in  late  1993. 

Thirty  educational  modules  are  vinder 
development  and  being  field-tested  at 


Navy  MTFs  throughout  CONOS .  Each 
module  is  custom  designed  to  respond 
to  the  unique  aspects  of  Navy  health 
care.  Specialized  Mterlals, 
including  case  studies  are  being 
developed  and  tasted.  Feedback  from 
participants  of  these  module 
'pilot-tests'  has  been  consistently 
positive.  In  parallel  with  module 
field  testing,  NFS  is  evaluating 
available  multi-madia, 
video- teleconferencing  technologies 
in  anticipation  of  adopting  and  using 
such  technology  in  distance  learning 
elements  of  the  program. 
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Crawford,  A.M.,  and  Orloff,  K.L., 
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DSN,  "Tri -Service  Coordinated  Care 
(TRICARE) :  A  Study  of  Change 
Management,"  Master's  Thesis, 
December  1993. 

Morrison,  John  R.,  LT,  MSC,  DSN,  "The 
Relationship  Between  the  Perceived 
Executive  Management  Capabilities  of 
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Executives  and  Their  Reported 
Mxuxagerial  Requirements,"  Master's 
Thesis,  June  1993. 


651 


N«rio,  Oulll«rao«  Jr.,  CPT,  USMC  and 
O'Coxmor,  Richard  B  (IZ) ,  CPT,  USA, 
■TRICARB:  An  Organizational  Change 
Study  In  the  Military  Health  Services 

Syetea, "  Master's  Thesis,  December 
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ELECTRONIC  WARFARE 
ACADEMIC  GROUP 


Jeffrey  B.  Knorr 
Chairman 


BLBCTROmC  NARFABB  ACADEMIC  GROUP 


Th«  Bl«ctroale  Narfar*  Acadamie  Group  (KNAG)  is  an  Intardlscipllnary  grovv  of 
faculty  irtio  hold  appolntmants  In  the  alavan  Dapartaanta  at  tha  Naval  Postgraduata 
School.  Thasa  faculty  aanbars  ara  raaponsibla  for  guidanca  of  tha  alactronlc 
warfara  curricula  for  U.S.  and  Zntamational  students.  Thair  participation  in 
tha  KNAG  is  voluntary  and  is  a  result  of  their  interest  in  applying  their 
expertise  to  problasis  related  to  alactronlc  combat. 

Moat  KNAG  faculty  do  soma  research  related  to  electronic  warfara.  Tha  primary 
purpose  of  this  suasnary  is  to  provide  an  overview  of  their  . work.  In  addition, 
there  are  a  few  faculty  who  do  BN  research  and  who  are  not  presently  BNAG 
memhers .  They  are  Included  here,  as  well,  in  order  to  provide  a  cosqprehenslva 
overview  of  HPS  faculty  participation  in  support  of  electronic  warfare. 

The  research  summaries  and  publication  lists  of  the  BNAG  faculty  are  not  included 
in  this  section.  Since  all  BNAG  faculty  hold  appointments  in  a  Department,  their 
summaries  and  publications  appear  there. 

During  1993,  the  membership  of  the  Blectronic  Warfare  Academic  Group  was  as 
follows : 

Prof.  Michael  Bailey  (OR) 

Prof.  Alfred  Cooper  (PH) 

Prof.  Kenneth  Davidson  (MR) 

CDR  Rick  Braxo  (3A) ,  Curriculum  Officer 
ZiCDR  Danny  Farley  (32) 

Prof.  Wayne  Hughes  (OR) 

Prof.  David  Jenn  (BC) ,  Academic  Associate 
Prof.  Jeffrey  Knorr  (BW) ,  Acting  Chairman 
Prof.  Fred  Levien  (BC) 

Prof.  Michael  Morgan  (BC) 

Prof.  Phillip  Pace  (BC) 

Prof.  Ron  Pleper  (BC) 

Prof.  Arthur  Schoenstadt  (HA) 

Prof.  Joseph  Sternberg  (PH) 

Prof.  Harold  Titus  (BC) 

The  following  faculty,  although  not  on  the  1993  BWAG,  had  research  prograsw  which 
contributed  to  the  success  of  the  electronic  warfare  program: 

Prof .  Richard  Adler 
Prof.  Herschel  Loomis 

An  overview  of  the  Blectronic  Warfare  Academic  Group  research  program  follows 
below: 
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Prof.  Mlko  (OR) ,  b«g«n  •  now  projoct  to  develop  e  eiauletion  aodel  eepeble 
of  •■elating  the  Coaet  Ouerd  with  declelone  concerning  tJSCG  reeource  alloeatlmif 
resource  achedullng,  and  tactics.  The  work  resulted  In  a  presentation  by  two  of 
Prof.  Bailey's  students  at  the  National  Meeting  of  the  Operations  Researeh 
Society  of  AsMrlca  and  the  Institute  of  Management  Science,  16-19  May  1993. 


xvwn  gMBRcaa  AMD  TARGET  DESIGMATIOM 


Prof.  Alf  Cooper  continued  with  three  research  programs  carried  out  In  the  Naval 
Academic  Center  for  Infrared  Technology  (NACIT) ;  Infrared  Search  and  Target 
Designation,  Strike  Warfare  Support,  and  FLIR  Performance  Prediction  Code 
Validation.  This  work  resulted  In  three  theses  and  acceptance  of  two  papers  for 
presentation  at  the  1994  SPIB  Conference.  In  addition,  a  new  project.  Infrared 
Technology  Support  to  the  ABGIS  Program,  was  conpleted.  This  project  resulted 
In  one  paper  accepted  for  presentation  at  the  1994  SPIB  Conference  and  three 
technotes  idxlch  will  appear  later  as  MPS  technical  reports.  Participating  In 
these  projects  with  Prof.  Cooper  were  Profs.  Crittenden,  Milne,  Pleper  and 
Research  Associates  Lentz  and  Walker. 


ATMOSPHERIC  STDDIBS 

Prof.  Ken  Davidson  participated  in  seven  projects  involving  atmospheric  research 
of  lavortance  In  predicting  propagation  effects  Ixapacting  the  performance  of 
radios  and  radars.  These  projects  resulted  in  four  theses,  12  conference 
publications,  and  one  technical  report.  Also  participating  in  these  projects 
with  Prof.  Davidson  were  Prof.  Wash  euid  Research  Associates  Ghiest,  Frederlckson, 
Jones  and  Lind. 


RCS  MID  SCATTBRIMG  STUDIES 

Prof.  Dave  Jenn  worked  on  the  enhanceaient  of  a  set  of  radar  cross  section  and 
radosm  analysis  codes.  These  codes  were  developed  during  an  earlier  phase  of 
this  project  and  have  been  delivered  to  several  Navy  labs  as  well  as  private 
contractors.  These  codes  are  useful  for  low  observable  studies  and  for 
determining  the  defocuslng  and  depolarization  effects  of  curved  radomes.  The 
codes  were  tested  and  verified.  This  work  resulted  in  two  theses,  three 
conference  presentations,  and  one  IBBB  journal  publication. 


COmnEMMBMmtES 

Prof.  Fred  Levien  directed  several  countermeasures  studies.  One  of  these 
addressed  laser  guided  surface-to-air  zilssile  (SAM)  countermeasures  and  another, 
countezTBeasures  against  advanced  laser  beazirlder  SAMS.  A  third  study  dealt  with 
countermeasures  against  missiles  with  seekers  operating  in  the  visible  portion 
of  the  spectrum.  Another  study  resulted  in  development  of  an  BA-6B  janmlng 
algorithm  for  upgrade  of  the  Air  Force  Is^roved  Many-On-Many  (IMOM)  BW  Mission 
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Planning  Systam.  This  allows  tha  systaai  to  now  ba  usad  jointly  by  both  Navy 
Air  Pores  plannars.  Anothar  study  was  carrlad  out  to  Invastigata  transportabili¬ 
ty  Issuas  ralatlva  to  unlntantlonal  aodulatlon-on-pulsa  aBd.ttar  data  aaong  Mavy 
BSM  procassors.  Plva  thasas  wars  dlraetad,  ona  on  aaeh  of  tha  abowa  studlas. 


yTKT.n  rAiiCKLIATKaf 

Prof.  Mika  Morgan  Initlatad  a  two  yaar  pro j act  to  invastigata  a  practical 
approach  for  raduelng  blstatlc  radar  cross  saetlon  using  actlva  cancellation. 
NuMrlcal  slsnilatlon  results  obtained  during  1993,  show  at  least  20  dB  reduction 
of  bistatlc  RCS  over  all  aspects  around  fraguancias  corresponding  to  canceller 
spacings  of  ona- fourth  wavalangth.  Reductions  of  30-40  dB  are  observed  at  lower 
fraquancias.  A  paper  is  being  prepared  on  thasa  results. 


AHTI-SHIFFIIIO 

Prof.  Phillip  Pace  initiated  a  project  to  isprova  tha  process  for  evaluating 
hardware -in -tha -loop  and  field  test  parforaanea  results  for  anti-shipping 
Biissilas  operating  in  an  BCM  environment.  Haw  BCM  af factlvanass  algorithms  have 
bean  developed  and  seeker  characterization  has  bean  improved  in  the  initial  phase 
of  this  project. 

Prof.  Pace  also  initiated  a  project  to  experimentally  investigate  tha  trade-offs 
between  two  Phalanx  search  signal  processing  schemes  to  detect  low-velocity 
surface  threats.  Using  actual,  coherently  recorded  sea  clutter  data,  both  an 
inverse  MTI  approach  and  a  narroidiand  filtering  approach  were  optlzd.sed  and 
evaluated.  The  results  of  this  research  are  being  used  to  construct  a  new 
sturf ace-mode  processor  for  the  Phalanx  R7  sensor  upgrade.  This  work  resulted  in 
one  journal  publication,  a  technical  report,  a  conference  presentation,  and  two 
theses . 


IR  PASSIVK  RAliBIllG  AMD  IR  THERMAL  mAGIMG 

Prof.  Ron  Pleper  initiated  a  project  to  investigate  both  experimental  and 
c«q>utar  modeling  for  determining  passive  range  and  other  features  based  on  IR 
measurements.  A  method  based  on  triangulation  was  investigated.  The 
sensitivity  of  the  range  prediction  to  variation  in  the  bearing  accuracy  was 
evaluated  in  terms  of  the  distance  between  baselines,  target  orientation,  and 
range  to  the  target.  The  dual  baseline  system  was  shown  to  have  significant 
tactical  advantages  over  a  single  baseline  system.  This  work  resulted  in  one 
thesis  and  a  tachnote.  A  paper  presenting  the  results  of  this  work  is  being 
prepared  in  collaboration  with  Prof.  Alf  Cooper. 

Prof.  Pieper  has  also  bean  collaborating  with  Prof.  Alf  Cooper  on  a  new  model  for 
predicting  MRTD  performance  of  thermal  iauiging  systems.  Because  the  new  awdel 
stakes  no  explicit  assumption  regarding  the  nature  of  the  testing  process,  it 
provides  an  excellent  framework  for  autoaiated  or  objective  MRTD  predictions. 
Tests  with  the  proposed  model  have  shown  improved  siodellng  in  doauilns  idiare  the 
currently  accepted  models  have  been  less  reliable.  The  results  obtained  by 
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applying  thla  nodal  on  tha  comnon  nodula  parallal  scanning  rLIR  hava  appaarad  In 
a  meant  SPIK  artlcla.  Bxtanslona  of  this  sndal  to  covar  tha  thamal  Imaging 
systans  idileh  aaploy  focal  plana  array  tachnology  Is  In  davalopaant. 


ipi  cgi 

Prof.  Joa  Stambarg  continued  work  on  his  project,  *A  New  Methodology  for 
Supporting  C3I  Raqulrements " .  Tha  objective  of  this  project  Is  to  develop  and 
axareisa  a  new  methodology  for  assessing  the  contribution  of  non-organlc  sensor 
Information  on  tha  affactivanass  of  a  battle  force.  Tha  key  alaamnt  of  tha 
methodology  la  a  unigua  wargama  in  which  tha  non-organic  Information  can  be 
treated  a  tha  aiqparlsiantal  variable  affecting  tha  tactical  choices  made  by  tha 
eommandars .  Tha  methodology  has  bean  adapted  to  contingency  oparatlons  Including 
strikes  ashore  and  anti-air  warfare  in  a  littoral  environment.  Tha  modifications 
to  the  game  support  software  package  have  been  tested  and  perform  to  current 
specifications.  A  full  system  test,  using  officers  with  carrier  battle  group 
e3q>erleneo  as  players,  is  in  the  planning  stage.  Following  any  further 
modifications  resulting  from  the  test  program,  the  methodology  will  be  ai>plled 
to  a  selected  real-world  problem.  Prof.  Sternberg  was  assisted  on  the  project 
by  R.  Thackeray. 


maam  gnnnATioii/TARGgr  location 

Prof.  Bal  Titus  continued  his  work  with  the  Crossbow  Committee  and  several  of 
their  intelligence  teaias.  He  has  developed  detailed  simulations  of  several 
missile  systesis  as  a  means  of  studying  their  guidance  and  control  systems  and 
developing  possible  counter-measures.  The  work  involved  several  thesis  students. 
Prof.  Titus  also  conducted  a  second  project  which  addressed  the  problem  of 
locating  targets  from  space  platforms.  Algorithms  were  developed  to  FPT  process 
and  Kalsuui  filter  observable  signal  parameters  to  locate  targets  of  interest. 
This  project  resulted  in  several  theses  and  one  conference  presentation. 


aiGurr/coMmniicATiQw  sy8tbm  perforiiancb  evaluatiow 

Prof.  Dick  Adler  continued  ongoing  projects  to  in^rove  the  operational 
perfonsance  of  Army  and  Navy  SZGINT  systems.  The  work  involved  identifying  radio 
noise  sources  as  wall  as  predicting  the  signal  environment.  This  work  resulted 
in  nine  conference  publications,  five  theses,  and  four  technical  reports. 
Another  project  to  evaluate  commtuiication  system  performance  and  high  latitude 
propagation  was  also  continued.  The  goal  of  this  project  was  to  conduct 
nuBMrical  analysis  and  experimental  research  in  support  of  the  Navy's  requirement 
to  site  communication  systems  in  polar  and  equatorial  regions  in  rugged  terrain. 
This  work  resulted  in  1  conference  presentation,  2  theses,  and  four  technical 
reports.  Prof.  Adler  was  assisted  on  these  projects  by  N.  Vincent  and  D. 
Wadsworth. 
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LPI  UITgRCiyr/TACTICAL  DISPLAY 


Prof.  Boraeh  Zaoaad.a  continuad  aavaral  raaaarch  thruats.  Ona  pro j act  Involved 
algorithaa  and  archltacturaa  for  procaaalng  tactical  information  and  tha  othar 
involved  advanced  algorlthma  and  archltacturaa  for  tha  detection  and  character¬ 
isation  of  broadband  comminicatlona  algnala  in  nolae  and  intarf arence .  Ihla  work 
reaulted  in  two  confaranca  praaantationa,  ona  journal  publication,  and  four 
theaea.  Prof.  Xioceda  waa  aaalatad  on  thaae  pro  j  acta  by  R.  Bamataln  and  M. 
Soderatrand. 
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SPACE  SYSTEMS  ACADEMIC  GROUP 


The  Space  Systems  Academic  Group  (SSA6)  is  an  interdisciplinary  association 
providing  direction  zuid  guidance  for  the  Space  Systems  Engineering  and  Space 
Systems  Operations  curricula.  SSAG  relies  on  faculty  and  facilities  support  from 
the  departments  of  Aeronautical  and  Astronautical  Engineering,  Conputer  Science, 
Electrical  and  Computer  Engineering,  Mathematics,  Mechanical  Engineering, 
Meteorology,  Oceanography,  Operations  Research,  Physics,  and  Systesis  Management. 

The  mission  of  the  Space  Systems  Acadesiic  Group  (SSAG)  is  to  provide  space 
systems  officer  students  practical  learning  opportunities  via  hardware -based 
theses  and  experience  tours  to  supply  our  sponsors  with  aaequate  numbers  of 
space-qualified  military  personnel;  and  to  develop  the  Naval  Postgraduate 
School's  Space  Systems  Engineering  and  Space  SystesM  Operations  acadesiic 
curricula  prograais. 

On-going  projects  within  SSAG  provide  a  space-hardware-oriantad  environment  ideal 
for  students  to  gain  experience  in  design,  development.  Installation,  system 
integration,  and  maintenance  of  spacecraft  and  payloads.  Officer  students  are 
exposed  to  space  related  research  projects  as  well  as  formal  classroom 
Instruction,  and  are  required  to  conqplete  a  space -oriented  thesis  for  the  Master 
of  Science  degree  requirements. 

In  the  1993  academic  year,  officer  students  in  the  Space  Systems  Curricula  and 
participating  faculty  from  several  departments  were  engaged  in  four  major  areas 
of  space  research  and  development:  (1)  Spacecraft  Technology;  (2)  Satellite 
Communications;  (3)  Acoustics  in  Space;  (4)  Space  Environment;  and  (5)  Computer 
Memory  Technology  in  Space.  In  addition  (6),  SSAG  assisted  participating 
departments  in  the  continuing  development  of  several  Spacecraft  and  Flight 
Hardware  Laboratories  and  Support  Facilities. 


SPACECRAFT  TECHNOLOGY 

Small  Satellite  Design  Studies  (PANSAT) 

Directed  by  Professor  Rudolf  Panholzer,  the  Small  Satellite  Design  Studies 
program  is  part  of  the  Spacecraft  Technology  research  effort  incorporating  proven 
and  'leading  edge'  technology  in  a  hardware  project. 

The  Small  Satellite  Design  Studies  originated  with  the  ORION  Mini-Satellite 
Program,  a  prototype  general  purpose  satellite.  The  continuing  project  is  the 
Petite  Amateur  Navy  Satellite  (PANSAT)  which  will  investigate  spread  spectrum 
communication  with  store -and -dump  capability  for  relaying  information  digitally. 

The  PANSAT  research  project  will  involve  officer  students  in  the  design, 
fabrication  and  integration  of  a  150  lb.  satellite  dedicated  to  function  as  a 
small  packet  radio  communications  satellite  using  spread  spectrum  techniques. 
PANSAT  will  serve  as  a  quick-reaction,  low-  cost,  direct -sequence  spread  spectrum 
packet  communication  satellite,  and  will  provide  a  low-cost  space-based  platform 
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for  nuill  oiqporijMnts .  Sine*  sproad  spactrum  modulation  providos  low-probabilltey- 
o£-dotaction  and  low-suscoptibillty-to- jamming.  PANSAT  can  quickly  Incraaaa 
dafansa  communication  systams  in  timas  of  crisis. 

Tha  PAHSAT  satalllta  was  originally  prasantad  at  tha  3rd  Annual  AIAA/Utah  Stata 
OBlvarsity  Confaranca  on  Sstall  Satallitas,  26-28  Saptembar  1989.  An  updata  was 
prasantad  at  tha  4th  Annual  AIAA/Utah  Stata  Univarsity  Confaranca  on  Small 
Satallitas,  28-31  Saptambar  1993,  and  at  tha  AIAA  Space  Prograaia  and  Tachnologias 
Confaranca  and  Exhibit,  21-23  October  1993,  Huntsville.  A  flight  request  was 
Bubad.tted  to  the  Space  Test  Program  on  30  December  1993 . 

A  Study  of  tha  Tamnaratura  History  of  PANSAT  Over  a  Single  Orbit 

Professor  Allan  D.  Kraus  modeled  the  Petite  Amateur  Navy  Satellite  (PAHSAT)  both 
for  steady  stata  and  transient  thermal  analysis.  The  scientific  objective  of  his 
research  was  to  determine  the  temperature  history  of  the  PAHSAT  vahicla  over  a 
single  orbit.  Using  an  existing  coiiq>uter  code  to  determine  the  singla-orbit 
temperature  pattern  for  PANSAT,  Professor  Kraus  approxistatad  tha  extremes  of 
taaparatura  for  both  sunlight  and  shadow  rones.  (See  Departoient  of  Blactrical  and 
Computer  Engineering . ) 


SATKLLITK  COMMDWICATIQWS 
PAHSAT  rrmimunjeations  System  Design 

Uhdar  professors  Tri  Ha's  guidance,  the  effort  of  three  research  theses  were 
directed  to  design  and  build  a  breadboard  direct  sequence  spread  spectrum 
transceiver  for  the  Petite  Amateur  Navy  Satellite  (PANSAT) .  (Sea  Departiaent  of 
Electrical  and  Coiiq>uter  Engineering.) 


ACOUSTICS  IN  SPACE 

Thermoacoustic  Life  Sciences  Refrigerator  (TALSR) 

Professor  Stave  L.  Garrett's  team  designed  a  thermoacoustic  refrigeration  system 
for  use  on-board  the  Space  Shuttle  to  provide  cooling  for  biological  samples. 

TALSR  provided  thesis  research  topics  for  graduate  students  in  a  broad  range  of 
areas  in  siechanical  and  electrical  engineering,  physics,  and  engineering 
acoustics  involving  thermodynamics,  heat  treuisfer,  analog  and  digital  electronic 
control,  structural  analysis,  and  transduction. 

Since  TALSR  has  commercial  applications  as  a  potential  replacement  for  CFC-based 
home  refrigerator/  freezers,  a  Co-operative  Research  and  Development  Agreement 
(CRADA)  was  established  involving  NASA  and  General  Electric  Government  Services. 
Thus  students  were  also  exposed  to  issues  associated  with  dual-use  (ad.ll- 
tary/coBBMrcial)  technologies  and  to  the  process  of  technology  transfer.  (See 
Department  of  Physics.) 
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TliTMoacouatlc  R«griQTator  (TAR  111)  D«»i<in«  for  Soaca 

Pro£«a«or  Thonaa  J.  Hofler  contlnuad  raaaarch  and  davalopaant  afforta  to  daaign, 
fabrleata,  and  apaca*quall£y  tha  third  panaratlon  of  Thamoacouatlc  rafrlgaratora 
(TAR  III)  auitabla  for  uaa  In  apacacraft,  for  tha  purpoaa  of  cooling  alaotroniea 
and  aanaora  to  oryoganlc  tanparaturaa .  Tha  goal  of  thia  ongoing  raaaarch  la  to 
iaprova  tha  rafrigarator  parfonnanca  and  daalgn  on  both  a  fnndaaiantal  and  on  a 
practical  laval.  (Saa  Dapartmant  of  Physics.) 


wrrLmmimT 

Soaea  Powar  Rxparlawnt  Aboard  Rocks t  (8PKAR) 

Profsssor  R.C.  Olaan  contlnuad  work  on  tha  space  power  exparlsMnt  to  support  tha 
SPKAR  III  design  phase.  In  particular,  to  advise  on  tha  charging  behavior 
axparlancad  in  SPBAR  1,  and  on  flight  instrumentation  for  tha  naw  sdsaion.  Tha 
rocket  was  successfully  launched  on  15  March  1993.  (Sea  Department  of  Physics.) 

Rouatoriallv  Traonad  Plasmas 

Professor  R.C.  Olsen  contlnuad  his  studies  of  tha  nature  of  aquatorially  trapped 
plasmas,  and  tha  interaction  betwaan  such  plasmas  and  tha  magnatosphara  filling 
problem.  Be  analyzed  data  from  tha  AMPTB/CCB  and  Los  AlaaK>s  1989-046  satallita 
and  conducted  several  surveys.  The  stost  intriguing  elasMnt  discovered  to  data 
is  a  link  between  tha  ionospheric  photoalactron  flows  and  the  aquatorially 
trapped  electrons.  (Sea  Department  of  Physics.) 

Rastota  Sensing  of  Tha  Ionospheric  B-  and  P-Lavers 

Tha  sounding  rocket  exparlstant  for  reotote  sensing  of  the  ionosphere  conducted  by 
Prof.  David  Cleary  is  continuing.  The  object  of  this  ongoing  rasaarch  project 
is  to  develop  a  simple  technique  for  measuring  global  ionospheric  electron 
densities  from  a  space  based  platform.  The  short  term  goal  of  this  project  was 
to  obtain  ultraviolet  spectra  of  the  Barth's  ionospheric  day  glow.  The  long  term 
objective  is  to  Identify  ultraviolet  atmospheric  eaiissions  that  can  be  used  to 
infer  electron  density  profiles  with  the  aid  of  photochesdcal  and  radiative 
transfer  models.  The  second  NOSTANG/HIRAAS  experiment  was  successfully  flown  on 
March  1992.  UV  spectra  of  the  Barth's  ionosphere  were  obtained  between  100  and 
320  km  on  both  the  upleg  and  downleg  portions  of  the  flight.  The  electron 
density  predicted  from  these  rocket  observations  will  bo  compared  with  ground 
based  measurements  of  the  electron  density  profile.  (See  Department  of  Physics.) 

On-Orbit  of  Satellite  Solar  Panels 

Professor  Sherif  Michael  continued  reseazr'.  cr.  photo  voltaic  power  technology  by 
investigating  the  possibility  to  anneal  a  satellite's  InP  and  OaAs  solar  cells 
idille  in  orbit  using  new  minority  carriers  eumealing  techniques.  Research  tasks 
Included  the  development  and  completion  of  the  Solar  and  Radiation  Laboratory, 
the  development  of  the  microprocessor  based  Photo  voltaic  aaqteriment  as  wall  as 
testing  of  the  solar  panels  for  the  PANSAT  satellite.  (See  Departaiant  of 
Blectrlcal  and  Ccnqputer  Bngineerlng . ) 
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mm?yT  '^•bchiiology  in  space 

FTro»l»ctrlc  Technology 

ProfMSor  Panholzar's  tvan  continued  research  on  Computer  Memory  Technology  In 
Space  to  evaluate  ferroelectric  technology  for  its  auitabllity  in  military  and 
apace  applications. 

Dhder  Profeasor  Panholzer's  direction,  a  Thin-Pilm  Ferroelectric  la^erlment  (MP8 
FntRO-OOl)  was  designed  to  test  the  affects  of  space  environment  on  aging  and 
fatiguing  characteristics  of  ferroelectric  capacitors.  This  research  is  espeetad 
to  continue  into  1994. 


SPACBCKAFT  AMD  FLIGHT  HARDWARE  LABORATORIES /FACILITIBS 

The  Space  Systems  Academic  Group  (Coda  SP)  and  participating  departments  have 
continued  to  dedicate  both  labor  and  material  resources  to  the  development  of 
several  laboratories  and  support  facilities: 

(SPOl)  Spacecraft  Integration  &  Test  (SP); 

(SP02)  Open  Site  SKI/BMC  (SP) ; 

(SP03)  Satellite  ground  Station  (SP) ; 

(SP04)  AIS  Cooputlng  (SP) ; 

(SP05)  Precision  Fabrication  Facility  (SP) ; 

(AA17)  FI.TSATCOM  Satellite  Operation,  Sim.  &  Test  (SP/AA) ; 

(AA18)  Spacecraft  Attitude  Dynamics  6  Control  (SP/AA) ;  and 
(AA19)  Spacecraft  Environmental  Simulation  &  Test  (SP/AA) . 
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5aiAI.i:.  fiATgT.I.ITg  DESIGN  STDDIKS  (PAHSAT) 

R.  Paziholzer,  Professor  and  Chalnsan 
Space  Systens  Academic  Group 
Sponsor  and  Funding:  Naval  Research  Laboratory, 
Arsy  Space  Technology  Research  Office, 
and  Naval  Postgraduate  School 


OBJSCTIVMi  Th«  goals  o£  tha 

Cf'-^tlnulng  Small  Satollita  Design 
dies  program  are  (1)  to  enhance 
education  o£  o££icer  students 
through  a  systesuB  engineering 
approach;  (2)  to  design,  £abrlcate, 
test,  and  ultimately  launch  a  small 
satellite  for  operation  by  MPS;  (3) 
to  desionstrate  tha  feasibility  of 
small  satellites  for  supporting 
dafanae  needs;  and  (4)  to  provide  a 
valuable  space  asset  to  augment 
existing  military  communications. 

SOMDUnr:  In  the  1993  acadesilc  year, 
the  PANSAT  research  project 
progressed  beyond  feasibility  studies 
to  detailed  designs  of  the 
coiBBunlcatlons  payload  and  the 
supporting  electronic  subsystems . 
The  functional  requirements  of  the 
spacecraft  were  also  updated  to 

reflect  the  findings  of  work 
completed.  The  following  major 
changes  to  the  spacecraft  design  were 
implemented:  (1)  provided  sinplex 

operation  rather  than  duplex;  (2) 
increased  the  data  rate  to 

accomsndato  sisqplex  operation;  (3) 

reduced  the  number  of  processors  to  a 
redtmdant  pair;  and  (4)  changed  the 
frequency  allocation  initially 

requested.  Specific  subsystem  tasks 
completed  during  the  CY  93  period: 

(1)  Coiq>uter.  The  design  was 
modified  to  cover  control  of  the 
entire  spacecraft  with  an  identical 
CMoputer  system  for  redundancy.  The 
design  has  been  developed  including 
parts  which  have  been  ordered  for 
breadboard  and  testing. 


(2)  Communication  Payload.  working 
breadboards  were  developed  utilising 
easily  obtainable  parts  for  a  spread 
spectr\im  recelvar/transmitter  using 
both  binary-phase-shift-kaying  (BPSK) 
and  4 - frequency-shlft-keylng 
modulation  scheates.  A  BPSK 
modulation  schesw  was  selected  and 
design  continues  for  broad  boarding 
the  communication  subsystem  utilising 
parts  with  ftmctional  equivalent 
specifications.  This,  however,  suty 
force  a  long  lead  time  for  delivery 
of  conqponents .  A  revised  link  budget 
was  perfonned  and  aiodiflcatlon  was 
Included  due  to  the  change  to  simplex 
operation  and  higher  transmission 
rate. 

(3)  Electric  Power.  The  power  budget 
for  the  spacecraft  was  recalculated 
utilizing  the  inputs  from  the  other 
electronic  subsystems.  A  design  was 
developed  which  will  utilize  solar 
cells,  2  nickel -Cadmium  batteries, 
battery  charge  regulator,  and  power 
conditioning  to  provide  ±15  Volts  and 
+5  Volts  to  the  various  electronics 
on-board.  A  test  plan  was  developed 
for  qualification  and  acceptance  of 
the  flight  panels/cells. 

(4)  System  Design.  Work  was 
completed  in  configuration  of  the 
spacecraft  and  its  subsystesui.  This 
includes  placement  of  subsystmss, 
mass  characteristics,  and  engineering 
drawings.  Additionally,  work  was 
done  in  preparing  documentation  for 
test  plans.  Interface  control,  and 
on-orbit  operations. 
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US1I«  "Patlt*  Aaataur  Mavy  Satallita 
Spaeaeraft  Digital  Control  Systaat  A 
Rardwaro  Daalgn, "  Maatar'a  Thaais, 
Maroh  1993. 

Murray,  Tarranoa  J. ,  LT,  OSM,  "Four 
Fraguaaey-Shift  Kaying  (4-FSlc)  Spraad 
SpaetruB  Modulator  and  Danodulator,  ” 
Maatar'a  Thaala,  March  1993. 

Brown,  Arnold  o.,  LT,  nsN, 
"Ceaaunleatlon  Subayataa  for  tha 
Fatlta  Amateur  Havy  Satallita 
(PAMSAT),"  Maatar'a  Thaala,  SaptaaJaar 
1993. 


DOD  KMT 

Bnvlronmantal 

AutMUktlon. 

nSMOBDSi 

Daalgn. 


TBCHMOLOOT  ABBA  I 
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R.  Panholxer,  Professor  and  Chalrsan 
Space  Systens  Acadenlc  Group 
Sponsor  and  Funding:  Haval  Research  Laboratory 
and  Naval  Postgraduate  School 


OBJSCTXVX:  Th«  NFS  rasaarch  program 
on  Coeputar  Manory  Tachnology  In 
Spaca  has  as  its  objactivas:  (1)  to 
anhanca  tha  aducation  of  offlcar 
studants  in  tha  Spaca  Systaais 
Curricula;  (2)  to  provide  a  coat- 
afflclant  axparlmant  to  tast  tha 
spaca-ralatad  charactaristica  of 
farroalaetrlc  capacltora  and  other 
devices;  and  (3)  to  contribute  to  tha 
adlltary  efforts  to  evaluate 
farroalaetrlc  aiatarials  to  datanalne 
if  tha  technology  holds  promise.  Tha 
Thln-Fllm  Farroalaetrlc  Experiment 
(Fimo  NFS-001)  is  tha  currant 
continuing  project  of  the  Conputar 
Manory  Tachnology  in  Space  Research 
Frogram.  Tha  goal  of  tha  on-going 
thin- film  ferroelectric  memory 
research  project  is  to  evaluate 
ferroelectric  tachnology  to  determine 
its  suitability  in  military  and  spaca 
memory  applications. 


IIIIMMIIII  NFS-001  FERRO  is  a  thin- 
fllm  farroelactric  experiment 
manifested  on  the  Advanced  Fhoto 
voltaic  and  Electronics  Experiment 
(AFBX)  satellite  sianufactured  by 
Orbital  Sciences  Corporation  (OSC)  of 
Fairfax,  VA.  It  will  test  the 
effects  of  space  environment  (most 
importantly  radiation)  on  aging  and 
fatiguing  characteristics  of 
ferroelectric  capacitors.  That  is, 
thln-film  capacitors  will  be  tested 
for  their  ability  to  store  and  retain 
data  in  space. 

The  FERRO  NFS-001  experiment  will 
test  the  effects  of  space  environment 
(B»st  importantly  radiation)  on  aging 
and  fatiguing  characteristics  of 
ferroelectric  capacitors --they  will 
bo  tested  for  their  ability  to  store 


and  retain  data  in  spaca.  One  flight 
aboard  tha  Fegasus  launch  vehicle 
(Fegastar  Bus)  has  been  scheduled  for 
June  1994.  Resulting  data  will  help 
detensina  in  what  ways  ferroelectrics 
can  replace  memory  technology  in 
military  space  applications. 

Froaresa  to  Date; 

Methodology.  On-ground  and  on-orbit 
fatigue,  aging  and  radiation  testing 
procedures  have  been  established 
using:  (a)  irradiated  siatarlals  and 
devices  for  on-ground  tests,  and  (b) 
high  radiation  orbits  for  space 
environment  tests  (NFS-001) . 
On-ground  Testing .  A  radiation- 
fatigue  test  board  was  designed  to 
allow  accurate  auid  simultaneous 
testing  of  multiple  ferroelectric 
devices;  and  experisMnt  level 
environmental  tests  were  perfonsed  in 
CY93  by  SSA6  staff  engineers. 
On-orbit  Testing.  Frocedures  have 
been  devised  to  test  ferroelectric 
capacitors  as  they  are  flown  in  a 
high  radiation  orbit.  The  electronic 
hardware  design  for  the  NFS-001 
experiment  is  complete.  The 

experiment  housing  fabrication  has 
been  completed.  Environsiental  tests 
and  thermal  analysis  have  been 
performed.  The  experisient  control 
software,  and  data  reduction  software 
will  be  developed  in  CY  1994. 

DOD  EXT  TECHNOLOOT  AKBA: 
Environmental  Effects,  Design 
Automation. 

KBXNOROS:  Ferroelectrics,  Memory 

Technology. 
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